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available for some hours or days after sampling. In other instances, there is often an ‘emphasis on the ability
of lay operators to perform the test routinely, quickly and reproducibly outside a laboratory setting with
rapid or immediate information display.

/One common medical test is the measurement of blood glucose levels by diabetics. Current teaching
counsels diabetic patients to measure their blood glucose level from two to seven times a day depending
on the nature and severity of their individual cases. Based on the observed pattern in the measured glucose
levels the patient and physician fogsther make adjustments in diet, exercise and insulin intake to better
manage the disease. Clearly, this information should be available to the patient immediately.

Currently a method widely used in the United States employs a test article of the type described in U.S.
Patent 3,298,789 issued January 17, 1967 to Mast. In this method a sample of fresh, whole blood (typically
20-40 pel) is placed on an ethylcellulose-coated reagent pad containing an enzyme system having glucose
oxidase and peroxidase activity. The enzyme system reacts with glucose and releases hydrogen peroxide.
The pad also contains an indicator which reacts with the hydrogen peroxide in the presence of peroxidase
to give a color proportional in intensity. to the sample's glucose level.

_Another popular blood glucose test method empioys similar chemistry but in place of the ethyicellulose-
coated pad employs a water-resistant film through which the enzymes and indicator are dispersed. This
type of system is disclosed in United States Patent 3,630,857 issued Decomber 28, 1971 {o Rey et al.

In both cases the sample is allowed to remain in contact with the reagent pad for a specified time

-(tyrﬁ:ally one minute). Then in the first case the blood sample is washed off with a stream of water while in

. the second case it is wiped off the film. The reagent pad or film is then blotted dry and evaluated. The
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evaluation is made either by comparing color generated with a color chart or by placing the pad or film in a
diffuse reflectance instrument to read a color intensity valus,

While the above methods have been used in glucose monitoring for years, they do have certain
limitations. The sample size required is rather large for a finger stick test and is difficuit to achieve for some
people whose capillary blood does not express readily. '

In- addition, these methods share a limitation with other simple lay-operator ¢colorimetric determinations
in that their result is based on an absolute color reading which is in turn related to the absolute extent of
reaction between the sample and the test reagents. The fact that the sampie must be washed or wiped off
the reagent pad after the timed reaction interval requires that the user be ready at the end of the timed
interval and wipe-or apply a wash stream at the required time. The fact that the reaction is stopped by
removing the sample leads to some uncertainty in the result, especially in the hands of the home user.
Overwashing can give low results and under-washing can give high results.

Another problem that often exists in simple lay-operator colorimetric determinatians is the necessity for
initiating a timing sequence when blood is applied to -a reagent pad. A user will typically havé conducted a
finger stick to a obtain a blood sample and will then be required to simultaneously apply the blood from the
finger to a reagent pad while initiating a tiring circuit with his or her other hand, thereby requiring the use -
of both hands simultaneously. This is particularly difficult since it is often necessary to insure that the timing
circuit is started only when blood is applied to the reagent pad. All of the prior art methods require
additional manipulations or additional circuitry to achieve this result. Accordingly, simplification of this
aspect of reflectance reading instruments is desirable.

The presence of red blood celis or other colored components often interferes with the measurements of
these absolute vaiues thereby calling for exclusion of red bicod cells in these two prior methods as they are
most widely practiced. In the device of patent 3,298,789 an ethyl cellulose membrane prevents red blood
cells from entering the reagent pad. Similarly, the water-resistant film of patent 3,630,957 prevents red
blood celis from entering. In both cases the rinse or wipe also acts to remove these potentially interfering
red blood cells prior to measurement.

Accordingly, there remains a need for a system of detecting analytes in COIOW
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eically Wite thearhatdixy/present in the apparatus. The signal-producing system produces a product which
further changes the reflectance of the matrix, which change can be related to the presence of an analyste in
a sample.

Exemplary of the diagnostic assay system is the determination of glucose in the whole blood, where the
determination is made without interference from the biood and without a complicated protocol subject to
use error.

The present invention can be more readily understood by reference to the following detailed description
when read in conjunction with the attached drawings, wherein: .

Figure 1 is a perspective view of one embodiment of a test device containing the reaction pad to which
the fluid being analyzed is applied.

Figure 2 is a block diagram schematic of an apparatus that can be employed in the practice of the
invention.

" Figure 3 is a block diagram schematic of an alternate apparatus that can be employed in the practi f
the invention.

en Replaced-

The element, its various chemical systems and its manner of use are uuscribed in EP-A-256806, from
which the present application is divided. However a very brief description follows with reference to the
Figures.

As can be seen from Figure 1, a support holds reagent pad 11 so that a sample can be applied to one
side of the reagent pad while light reflectance is measured from the side of the reagent pad opposite the
focation where sample is applied.

_Figure 2 shows a system in which the reagent is applied to the side with the hole in the support handle
while light is reflected and measured on the other side of the reagent pad. Other structures than the one
depicted may be employed. The pad may take various shapes and forms, subject to the limitations
provided herein. The pad will be accessible on at least one surface and usually two surfaces.

The hydrophilic layer {reagent element) may be attached to the support by any convenient means, e.g.,
a holder, clamp or adhesives; however, in the preferred method it is bonded to the support. The bonding
can be done with any non-reactive adhesive, by a thermal method ir which the support sutface is melted
enough to entrap some of the material used for the hydrophilic layer, or by microwave or uitrasonic bonding
methods which likewise fuse the hydrophilic sample pads to the support. & is important that the bonding be
such as to not itself interfere substantially with the diffuse reflectance measurements or the reaction being
measured, although this is unfikely to occur as no adhesive need be present at the location where the
reading is taken. For example, an adhesive 13 can be applied to the support strip 12 followed first by
punching hole 14 into the combined strip and adhesive and then applying reagent pad 11 to the adhesive in
the vicinity of hole 14 so that the peripherat portion of the reagent pad attaches to the support strip. o

When used with whole blood, the porous matrix preferably has pores with an average diameter in the
range of from about 0.1 to 2.0 um, preferably about 0.2 to 1.0 and more preferably from about 0.6 to 1.0
um.

A preferred manner of preparing the porous material is to cast the hydrophilic polymer such as

: polyamude onto a core of non-woven fibers. The core fibers can be any fibrous material that produce the

55

described integrity and strength, such as polyesters and polyamides. The reagent that will form the light-
absorbing reaction product, which is discussed later in detail, is present within the pores of the matrix but
does not block the matrix so that the liquid portion of the assay medium, e.g. blood, being analyzed can
flow through the pores of the matrix, while particles, such as erythrocytes, are held at the surface.

_Any signal producing system may be employed that is capable of reacting with the analyte in the
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the fil m aBa@here reflectance will be measured (i.e., about 5-10 microliters) of this fluid is applied to the reagent
15 eléement or elements of the test device. Simultaneous starting of a timer is not required (as is commonly
required in the prior art), as will become clear below. Excess fluid can be removed, such as by light
blotting, but such removal is also not required. The test device is typically mounted in an instrument for
reading light absorbance; e.g., color intensity, by reflectance, prior to application of the sample. Absorbance
is measured at certain. points in time after application of the sample. Absorbance refers in this application -
20 not only to light within the visual wavelength range but aiso outside the visual wavelength range, such as
infrared and ultraviolet radiation. From these measurements of absorbance a rate of color development can
be calibrated in terms of analyte level.

The Measuring Instrument

25
A suitable instrument, such as a diffuse reflectance spectrophotometer with appropriate software, can
be made to automatically read reflectance at certain points in time, calculate rate of reflectance change,
' and, using calibration factors, output the level of analyte in the aqueous fluid. Such a device is schemati-
cally shown in Figure 2 wherein a test device of the invention comprising backing 12 to which reagent pad
20 11 is affixed is shown. Light source 5, for exampile a high intensity light-emitting diode (LED) projects a
beam of light onto the reagent pad. A substantial portion (at least 25%, preferably at least 35%, and more
preferably at least 50%, in the absence of reaction product) of this light is diffusively reflected from the
reagent pad and is detected by light detector 6, for example a phototransistor that produces an output
current proportional to the light it receives. Light source 5 and/or detector 6 can be adapted to generate or
35 respond to a particular wavelength light, if desired. The output of detector 6 is passed to amplifier 7, for
example, a linear integrated circuit which converts the phototransistor current to a voltage. The output of
amplifier 7 can be fed to track and hold circuit 8. This is a combination linear/digital integrated circuit which
tracks or follows the analog voltage from amplifier 7 and, upon command from microprocessor 20, locks or
holds the voitage at its level at that time. Analog-to-digital converter 19 takes the analog voltage from track
_ 40 and hold circuit 8 and converts it to, for example, a twelve-bit binary digital number upon command of
' * microprocessor 20. Microprocessor 20 can be a digital integrated circuit. It serves the following control
functions: 1) timing for the entire system; 2) reading of the output of analog/digital converter 19; 3) together
with program and data memory 21, storing data corresponding to the reflectance measured at specified
-time intervals; 4) calculating analyte levels from the stored reflectances; and 5) outpyting analyte concentra-
45 tion data to display 22. Memory 21 can be a digital integrated circuit which stores data and the
microprocessor operating program. Reporting device 22 can take various hard copy and soft copy forms.
Usually it is a visual display, such as a liquid crystal or LED- display, but it can also be a tape printer,
audible sugnal or the like. The instrument also can include a start-stop switch and can provide an audible or
visible time output to indicate times for applying samples, taking readings, etc., if desired.
50 .
Reflectance Switching

in the present invention, the reflectance circuit itself can be used to initiate timing by measuring a drop

in reflectance that occurs when the aqueous portion of the suspension solution applied to the reagent pad

55 (e.g.. blood) migrates to the surface at which reflectance is being measured. Typically, the measuring
device is turned on in a "ready” mode in which reflectance readings are automatically made at closely
spaced intervals (typically about 0.2 seconds) from the typically off-white, substantially dry, unreacted
reagent strip. The initial measurement is typically made prior to penetration of the matrix by fluid being
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such as glucose, and other materials of biological origin, there is no need to limit the reflectance switching
aspect of the invention to such matrices. For example, the matrix used with refiectance switching may be
fo/rmed from any water-insoluble hydrophilic material and any other type of reflectance assay.

15 Particular Application to Glucose Assay

A particular example with regard to detecting giucose in the presence of red blood cells will now be
given in order that greater detail and particular advantage can be pointed out. Although this represents a
preferred embodiment of the present invention, the invention is not limited to the detection of glucose in

20 blood.

The use of polyamide surfaces to form: the reagent element provides a number of desirable characteris-
tics in the present invention. These are that the reagent element is hydrophilic (i.e., takes up reagent and
sample readily), does not deform on wetting (so as to provide a flat surface for reflectance reading), is
compatible with enzymes (in order to impart good shelf stability), takes up a limited sample volume per unit

25 volume of membrane (necessary in order to demonstrate an extended dynamic range of measurements),
and shows sufficient wet strength to allow for routine manufacture.

In a typical configuration, the method is carried out using an apparatus consisting of a plastic holder 3
and the reagent element (the matrix having the S|gna| producing system impregnated therein), as described - 3
in EP-A-256806.

30 The electronic apparatus used to make the reflectance readings minimally contains a light source, a
reflected light detector, an amplifier, an analog to dlg:tal converter, a m|croprocessor with memory and
program, and a display device.

The light source typically consists of a light emitting diode (LED). Although it is possible to use a
polychromic light source and a light detector capable of measuring at two different wavelengths, a preferred

35 apparatus would contain two LED sources or a single diode capable of emitting two distinct wavelengths of
light. Commercially available LEDs producing the wavelengths of light described as being preferred in the
present specification include a Hewlett Packard HLMP-1340 with an emission maximum ‘at 635nm and a
Hewlett Packard QEMT-1045 with a narrow-band emission maximum at 700nm. Suitable commercially
available light detectors include a Hammamatsu 5874-18K and-a Litronix BPX-65.

40 Although other methods of taking measurements are feasible, the foffowing method has provided the
desired results. Readings are taken by the photo-detector at specified intervals after timing is initiated. The
635nm LED is powered only during a brief measuring time span that begins approximately 20 seconds after
the start time as indicated by reflectance switching. If this reading indicates that:a high level of glucose is
present in the sample, a 30-second reading is taken and used in the final calculation in order to improve

45 accuracy. Typically, high levels are considered to begin at about 250 mg/di. The background is corrected
with a 700nm reading taken about 15 seconds after the start of the measurement period. The reading from
the photodetector is integrated over the interval while the appropriate LED is activated. which is typically
less than one second. The raw reflectance readings are then used for calculations performed by the
microprocessor after the signal has been amplified and converted to a digital signal. Numerous micropro-

s0 cessors can be used to carry out the calculation. An AlMBS single-board m«crocomputer manufactured by
Rockwell International has proven to be satistactory.

The present methods and apparatuses allow a very simple procedure with minimum operational steps
on the part of the user. In use, the reagent strip is placed in the detector so that the hole in the strip
registers with the optics of the detecting system. A removable cap or other cover is placed over the. optics

s5 and strip o shield the assembly from ambient light. The measurement sequence is then initiated by
pressing a button on the measuring apparatus that activates the microcomputer to take a measurement of
reflected light from the unreacted reagernt pad, called an Ry, reading. The cap is then removed and a drop
of blood is applied to the reagent pad, typically while the reagent pad is registered with the optics and the
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reflected from the reagent pad. in order to make a background correction. It has been demonstrated that
over a 2-3 month period that this value does not change for a particular instrument prepared according to
15 the preferred embodiments of this specification, and it is possible to program this background reading into
the computer memory as a constant. With a slight modification of the procedure, however, this value can be
measured with each analysis for more accurate results. In the modified procedure the meter would be
turned on with the lid closed before the reagent strip is in place, and the background current would be
measured. The test strip would then be inserted into the meter with the cover closed, an Ryy measurement
20 taken, and the procedure continued as described above. With this modified procedure the background
current does not need to be stable throughout the life of the meter, thereby providing more accurate results.
eghe raw data necessary for ¢alculating a result in a glucose assay are a background current reported as
baekground reflectance, Ry, as described above; a reading of the unreacted test strip, Ry, also described
~ above; and an endpoint measurement. Using the preferred embodiments described herein, the endpoint is
25 not particularly stable and must be precisely timed from the initial application of blood. However, the meter
as described herein performs this timing automatically. For glucose concentrations below 250mg/dl, a
suitably stable endpoint is reached in 20 seconds, and a final reflectance, Rzo, is taken. For glucose
concentrations up to 450mg/dl, a 30-second reflectance reading, Rso, is adequate. Although the system
described herein displays good differentiation up to 800mg/d! of glucose, the measurement is somewhat
30 noisy and inaccurate above 450mg/dl, although not so great as to cause a significant problem. Longer
reaction times should provide more suitable readings for the higher levels of glucose concentration.
- The 700nm reflectance reading for the dual wavelength measurement is typically taken at 15 seconds
(Ris). By this time blood will have completely saturated the reagent pad. Beyond 15 seconds the dye
reaction continues to take place and is sensed, to a small part, by a 700nm reading. Accordingly, since dye
'35 absorption by the 700nm signal is a disadvantage, readings beyond 15 seconds are ignored in the
calculations.

The raw data described above are used to calculate parameters proportional to glucose concentration
which can be more easily visualized than reflectance measurements. A .logarithmic transformation of
reflectance analogous te the relationship between absorbtivity and analyte concentration observed in

40 transmission spectroscopy (Beer's Law) can be used if desired. A simplification of the Kubelka-Monk
equations, derived specifically for reflectance spectroscopy, have proven particularly useful. In this deriva-
tion K/S is related to analyte concentration with K/S defined by Equation 1.

KISt = (1-REA2xRY (1) | , S
45
Rt is the reflectivity taken at a particular endpoint time, t, and is the absorbed fraction of the incident
light beam described by Equation 2, where R, is the endpoint reflectance, R2o or Rso.
= (R - Ro)(Rary - R}  (2)
50

R't varies from 0 for no reflected light (Ry) to 1 for total reflected light (Rgry). The use of reflectivity in
the calculations greatly simplifies meter design as a highly stable source and a detection circuit become
unnecessary since these components are monitored with each Ry, and R, measurement. .

For a single wavelength reading K/S can be calculated at 20 seconds (K/S-20) or 30 seconds (K/S-30).
55 The calibration curves relating these parameters to YSi (Yellow Springs Instruments) giucose measurements
can be precisely described by the third order polynomial equation outlined in Equation 3.

YSI = ap + ai(K/S) + a2 (K/SP + as(K/S)®  (3) cet Has Been Replaced
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The single chemical species being measured in the preferred embodiments is the MBTH-DMAB
indamine dye and the complex matrix being analyzed is whole blood distributed on a 0.81L Posidyne
membrane. A review entitied "Application of Near Infra Red Spectirophotometry to the Nondestructive
Analysis of Foods: A Review of Experimental Results”, CRC Critical Reviews in Food Science and Nutrition,
18(3) 203-30 (1983), describes the use of instruments based on the measurement of an optical density
difference AOD (M.-\p) where OD), is the optical density of the wavelength corresponding to the absorption
maximum of a component to be determined and OD), is the optical density at a wavelength where the
same component does not absorb significantly.

The algorithm for dual wavelength measurement is by necessity more complex than for single
wavelength measurement but is much more powerful. The first order correction applied by the 700nm
reading is a simple subtraction of background color due (o blood. In order to make this correction, a
relationship between absorbance at 635nm and 700nm due to blood color can be and was determined by
measuring blood samples with @ mg/d! glucose over a wide range of blood color. The color range was
(;onstructed by varying hematocrit, and fairly linear relationships were observed. From these lines the K/S-
15 at 700nm was normalized to give equivalence to the K/S-30 at 635nm. This relationship is reported in
Equation 4, where K/S-15n is the normalized K/S-15 at 700nm.

K/S-15n = (K/S-15x 1.54) - 0.133  (4)

Note that the equivalence of the normalized 700nm signal and the 635nm signal is only frue at zero
glucose. The expressions from which ;he calibration curves were derived are defined by Equations 5 and 6.
K/§-20/15 =

(K/S-20) - (K/S-15n)  (5)

K/S-30/15 = (K/S-30) - (K/'S-15n)  (B)
These curves are best fit by fourth-order polynomial equations similar to Equation 3 to which a fourth-order
term in K/S is added. The comp_uter-fit coefficients for these equations are listed in Table 2.

k}

TABLE 2

~ Coefficients for Fourth-Order Polynomial Fit 6f Dual Wavelength Calibration Curves
' K/S-20/15 K/S-30/15

-0.1388 1.099

0.1064 0.05235
6.259 x 105 1.229 x 10~*
-6.12 x 1078 -6.83 x 1078
321 x 10~ 1.30 x 10~4

peyLYE

A second order correction to eliminate errors due to chromatography effects has also been developed.
Low hematocrit samples have characteristically low 700nm readings compared to higher hematocrit
samples with the same 635nm reading. When the ratio of (K/S-30)/(K/S-15) is plotted versus K/S-30 over a

exan®ni ng tlhe sanpl® t, may acti ya?¥ _§ upoh a dnange
of th® matrix Whenqu‘l 2241 x 10
a3 x103 1.20x 1078
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pen_et'rat es the matrix. The nethod conprises adding the sanple, typically

whol e bl ood, to the matrix whi.ch fF{,toehg J8tol arge parti Cmﬁﬁ_%\ L eek |
bl ood cells, typically with the matrix present in the apparat u§EP

si gnal - produci ng system produces a product which further 'ehenges—the

r ef | ect anGadeddnde!ve héimtcciits and\flixdobe Ednadngationst theltesulting akecsh the glafLinfit ASARE Borddr
an - anal ysttweth sampRERhih dispray tplomatpgradhy teHetsiatuge 0B tcide)aBs Sigssyia ide bl (Bel@bthe
t he det er raungt Trerk:o$0 gl thie SBrles Rbdva éhevddOb @reltbibetbd bptderaing Ive rehdihg romonedpb@itoi S
made wi t haitoint &t ths dureenits enefsaroerivh@MIN'B L and wi t hout a conplicated protocol
Subj ect st 0 uBe merection factors Fepditeel gbpesrend tailanveidé todit acsangle linstramene andemalginitedt -nuBber
under st 0ocf lpgagent pepaatioes. Toe elh@itfodrols ergimited &ir |ag dndilédyelripgytinem anth essgent uithe n
conj unct i cAma/medmet hd isdescibérbabory awi ngs, wherein: Figure 1 is a perspective
vi ew of one reboueehe systeny ot the pregray insentieromininizes rpgeraRaqtienscant! Grevises] nUIprug

which t he dyantagespuerriioafh{ cq-rgaqﬂgﬁp?tws When compared to prior methods for determining
glucose in blood, for example, there are several apparent advantages. First, the amount of sample required

to saturate the thin reagent pad is small (typically 5-10 microliters). Second., operator time required is only
that necessary to apply the sample to the thin hydrophilic layer and close the cover (typically 4-7 seconds).
Third, no simultaneous timing start is required. Fourth, whole blood can be used. The method does not
require any separation or utilization of red-cell-free samples and likewise can be used with other deeply
15 colored samples.

- The invention now being generally described, the same will be better understood by reference to the
following specific examples which are presented for purposes of. illustration only and are not to be
considered limiting of the invention unless so specified.

- 20 Example |
Reproducibility:

One inale blood sample (JG, hematocrit .= 45) was used to collect the reproducibility data set forth 'in

25 Tables 3-5.
TABLE 3
20 Reproducibifity of a Single Wavelength MPX System
YSI {(mg/dl) . Average (mg/dl) S.D. (mg/dl) %C.V.
20 sec. 30sec. | 20 sec. 30 sec. 20 sec. | 30 sec.
: 25 23.1 230 2.1 2.04 9.1 9.0
35 ’ | 55 53.3 53.2 3.18 3.32 6.0 6.3
101 101 101 3.0 3.3 3.0 3.3
326 326.6 327 13.3 9.8 4.1 3.0
501 , 503 17.1 3.4
- 690 675 28 . 415
40 810 813 .37 45
TABLE 4
‘45
Reproducibility of a Dual Wavelength MPX System
YSl(mg/d) |  Average (mg/di) S.D. (mg/di)- " %CWV.
20 sec. 30 sec. 20 sec. 30 sec. 20 sec. 30 sec.
% 25 25 27 134 1.55 54 | 57
55 . 55 57.4 2.58 2.62 47 46
101 101 101.5 2.55 2.18 25 2.1
326 332 330 15.0 7.1 45 2.1
55 501 505 21.3 4.2
' 690 . 687 | 228 33
810 _ 817 304 3.7
eet Has Been Replaced
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Figure 2 is a block di agram schemati c of an apparatus t hat _can _be enpl oyed

in the practice of the invention. Firgure 3 is:-a bl ock di Jgras sEEeEeS 65
an 15 alternat’e apparatus that can beER@p478\384 A2n t he prdcti ceRBPLACED
Det ai | ed Description The Reagent El enent 20 The

i nventi on.

el ement, its various chem cal systens and _its manner of use are descri bed
in EP- A-256806, from which the present appPP&tion is divided. However a
very brief description follows with reference to the Figures. 25

As can be seen from Figure 1, aﬂwp@w:ﬁty&dmrﬁ&a@aértApaafb 11 so that a

sanpl e can, be applied to one mc eagent wr el i ght
the%%r"li?é Lﬁ?

refl ect anct

is neasured from

the r ead’

pad _ogposite the

| ocation where sanple is applfied. 30 4.7mm Fi gurdd®min shjows a systemin
which the reagent is applied [0 T, @l 0e|W T gTNe (Mol ggin tlhe support
handle while light is reflectfed an:gborreasl&red gn t He otslaer qi de of the

reagent pag.

Qt her structures| t hanggghe ome dggi ctgd nmay be |enpl oyed. The

pad may take 35 various shapes andyforms| sugect [to e |ijm tations

-~
N

20

25

30

35

40

50

55

The blood was divided into aliquots and spiked with glucose  across a range of 25-800mg/dl. Twenty
determinations were made at sach glucose test level from strips taken at random from a 500 strip sample
(Lot FJ4-49B). The results of this study lead to the following conclusions:
1. Single vs. Dual Wavelength: The average C.V. for the 30-second dual result was 3.7% vs. 4.8% for the
30-second single wavelength result, an improvement of 23% across a glucose range of 25-810mg/dl.
There was a 33% improvement in C.V. in the 25-326mg/di glucose range. Here the C.V. decreased from
54% to 3.6%, a significant improvement in the most used range. The 20-second dual wavelength
measurement gave similar improvements in C.V. compared to the single wavelength measurement in the
25-325mg/d! range (Tables 3 and 4).
2. Dual Wavelength, 20 vs. 30-second Result: The average C.V. for a 20-second result in the 25-100

mg/d] range is nearly identical to the 30-second reading, 4.2% vs. 4.1%. However, at 326 mg/d| the 30-

second reading has a C.V. of 2.1% and the 20-second result a C.V. of 4.5%. As was seen in the K/S-20
response curve, the slope begins to decrease sharply above 250 mg/dl. This lead to poor reproducibility
at glucose levels greater than 300 for the 20-second result. From this reproducibility data the cutoff for
the 20-second resuit is somewhere between 100 and 326 mg/dl. A cutoff of 260 mg/dl was later
determined from the results of the recovery study set forth in Example fl.

3. Aperture Size: A smaller optics aperture size, 3.0mm us. 5-0 min;, was investigated. Initial experi-
mentation using a 10- replicate, hand-dipped disk samp.!aid show improved C.V.s with the 3.0mm
aperture, apparently because of easier registration with the system optics. However, when machine-made
roll membrane was used, the average C.V. (Table 5) of the larger aperture, 4.7mm, was 3.9% us. an
average C.V. for the 3.0mm aperture of 5.1%. This 30% increase in C.V. was probably due to the
uneven surface of the roll membrane lot as discussed below.

Exampie Il
‘Recovery:

For comparison of the present method (MPX) against a typical prior art method using a Yellow Springs
Instrument Model 23A glucose- analyser manufactured by Yellow Springs Instrument Co., Yellow Springs,
Ohio (YSI), blood from 36 donors was tested. The donors were divided equally between males and females
and ranged in hematocrit from 35 to 55%. The blood samples were used within 30 hours of collection, with
lithium heparin as the anti-coagulant. Each blood sampie was divided into aliquots and spiked with glucose
to give 152 samples in the range of 0-700 mg/dl glucose. Each sample was tested in duplicate for a total of
304 data points.

Response curves were constructed from these data and glucose values then calculated from the
appropriate equation (Tables 1 and 2). These MPX glucose values were then plotted vs. the YSI values to
give scattergrams.

Comparison of MPX Systems: For both the 20-second and 30-second measurement times there is
visually more scatter in the single-wavelength scattergrams than the dual-wavelength scattergrams. The 20-
second reading becomes very scattered above 250 mg/dl but the 30-second measurement does not have
wide scatter until the glucose level is 2500 mg/dl.

These scattergrams were quantitated by determining the deviations from YSI at various glucose ranges.
The following results were obtained.

This Sheet Has Been Rep

Hllllll s

10

i



| eeeeeseE o

provi ded herein. The pad will be accessible on at |east one surface and
usual ly two surfaces. 6 The hygy @R sdfad aver (reagent el enment) nay be

attached to t he support by any convenient neans, e.g., a .
adhesi ves; however, in the preferred nethod 5 it is bonderHis SBERR HAS BEEN
support. The bonding can be dorRggyet-§ any non-reactive aghesi VREPLAFER

thermal nethod in which the support surface is nelted enough to entrap sone

of the material usegcduradh&thupxophohi qetayery mdtdy nicrowave or
ul trasoni ¢ bondi ng nmet hods which |ikew se fuse the 10 hydrophilic sanple

pads ts0 t heMPdpport. Measusemepbrt adiDi hatgAdle bondi ng. be SouriRaagstfo not

i tsel f i MeveflengtiubsTamei §8€9-%ith t hdBX fuse EEEE%@IEEEEEEEEEEEEEEnts
or the reaction being neasured, although this is unlLikely to occur as no
adhesi ve néé&%ﬁ@ pr esent %& the | ocati of? vihere 15 7tEe readi iy is taken.
For exanpl &1%%teadhesi ve can be appli®d to the slpport st%ih 12 PoFl oved
first oy pu i,ng hole 14,4nto the conbj strip apd,adhesj and t hen
appl yi ng re%&%&t pad 11 tégthe adhesi veif%dgt he vi ci glgy of %Iege 14 g0 4t hat
t he peripheral portion of "the reagent pad

Note: These are inter method C.V.s.

15 a. The dual wavelength system gave C.V.s that

_ranged 30% lower than the single wavelength
system. '
20
b. The single wavelength system, from 0-50 mg/dl,
showed a S.D. of +6-7 mg/dl whereas the S.D.
for a dual wavelength measurement was only

% £2.2 mg/dl.

" c. The cutoff for a 39-second MPX measurement is
250 mg/dl. For the 50-250 mg/dl range botn
the 20- and 30-second measurements'gave
similar inter-method C.V.s (approximately 7%
for single wavelength, 5.5% for dual
wavelength). However, in the 250-450 mg/dl
range inter-method C.V.s more than double for

4  the 20-second reading to 14.5% for tae single
and 12.8% for the dual wavelength.

35

5 d. The 30-second reading was unusable ébove 450
mg/dl for both the single and dual wavelength
measurement (C.¥.s of 10.2 and 8.4%).
.50 -~ :
In conclusion, two MPX systems gave optimum
quantitation in the 0-450 mg/dl range.

85 1. MPX 30 Duaf: This dual wavelength system gave a 30-second measurement time with a 95%
confidence limit {defined as the probability of a measurement being within 2 S.D. of the YSI) of 11.3%
(C.V.) for the range from 50-450 mg/dl (Table 7) and £4.4 mg/dl (S.D.) for 0-50 mg/dl.
2. MPX 30/20 Dual: This dual wavelength system gave a 20-second measurement time in the 0-250

- This Sheet Has Been Replaced
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matrix preferably has pores with an average dianeter in the range of from ‘
about 0.1 to 2.0 pm preferably about 0.2 to 1.0 and nore preferably from |
about 0.6 to 1.0 pm 25 _ fR ? 5515 d manner of | MHEPSHEETYHAS BEEN
porous material is to cast the hydrop I C po ymer such ap pol yRBPLAGEDNt 0 &
core of non-woven fibers. The core fibers can be any fibrous material that
produce the gfgaicmhdiad b Bb-a@bid theastthesistasmiahge. SHCS¥aSnMIRhamiIe b® na&1Y identical
pol yam des. 8&0the MHXE30 B0 Sttent [Table . I1h.19%qC M) tebresol 450 igidh e £ mg/dr €Som: troramasg
product, whi glgdiys di scussed later in detail, is present within the pores of
the matri x .but does not block the matrix so that the |iquid portion of the

assay medium e.g. blood, being anaéléﬁgT n fl ow t hrough the pores of the
t'hn are hel d at the 7

matrix, 35 while particles, such rocytes

s Eoriaaciid

ngcapable of

surface. Any S|gn r.oducin S)glL J) ml o 5
{d ¥ 9
reacting with th %g?ga&? r c | ﬁe fectly or
i ndi rectly) a coﬁpaun X%ﬁ F{b §’ 1 l& 8@ Re % Sedd B
Measuring )
Range MPX Single Waveleagtn MPX Dual Wavelengtn
mg/dl 20 sec. 30 sec. 20 sec. 30 sec.
0-50 11.2 mg/dl 13.8 mg/dl 476 mg/dl Y. ¥ mg/dL
5 50-250 14,49 14.2% 10.6% 11.0%
250-450 - 17.6% - 11.6%
77-405 GlucoScan Plus (Drexler Clinical) 15.9%
77-405 Accu-Chek bG (Drexler Clinical) 10.7%
20 50-450 MPX 20/30 Dual Hybrid 11.1%
50-450 MPX 30 Dual 11.3
¥ Confidence limits for MPX were from the YSI. The

confidence limits for GlucoScan Plus and Accu-Chek

2 bG were from the regression equation vs. YSI which
eliminates bias due to small differences in
calibration.

30 Example Hl

Stability:

Most of the bench-scale work carried out in optimizing stability was completed using hand-dipped 0.8

35 Posidyne membrane disks. The specific dyefenzyme formulation was set forth previously.

1. Room Temperature Stability: This study attempted to chart any chanhge in response of the 0.8
Posidyne membrane redgent stored at 18-20° C over silica gel desiccant. After 2.5 months there was no
noticeable change as measured by the response of a room temperature sample vs. the response of a
sample stored at 5° C. Each scattergram represented a glucose range of 0-450 mg/dl.

40 2. Stability at 37° C: A 37 C stability study using the same reagent as the RT study was carried out. The
differences in glucose values of reagent stressed at 37°C vs. RT reagent, for strips stressed with and
without adhesive, was plotted over time. Although the data was noisy, due to’the poor reproducibility of
handmade strips, the stability was excellent for strips whether they were. stressed with or without
adhesive.

45 3. Stability at 56° C: Eight 5- fo 6-day stability studies were carried out using different preparations of a
similar formulation on disk membrane (Table 8). For the low glucose test level (80-100 mg/di) the
average gulcose value dropped upon stressing by 3.4%, with the highest drop being 9.55%. At the high
test level (280-320 mg/d!) the glucose reading declined by an average of 3.4%, the largest decline being
10.0%.

§0

55
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5 -characterlstlcally absorptlve at a wavelength other than a wavel ength
at which the assay nedi um subst anid gl agabepr bs,
| i ght - absorbing reaction product upon reactlng with glucose wll

especi al |y useful.

refl ect ance,
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i n the absorbance
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FJu8p*
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anount of 15 anal
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but a reagent producing a
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10 The Analysis Method ' The anal ysis net
I nvention relies on a change in absor?ﬁgg
whi ch i s dependent «upon e
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€ present in a

t he change

In time.
be appllcatlon of the

In practgcpirae randleyiss @0 ber ceddpedl) out as
'086 -1 00 hgg@Inal NT TWE BT ZBGL V2E tis.

y a Trnger Stick,
area where réf.kectance w ||

Average of 8

/@Dy ai ned.

+4.43
-3.2
-3.0
-3.0

-3.4

8 .6Be prior art)

Tor exanpl €.

-1.24

¥ These two samples contained twice tne normal

concentration of enzyme and dye.

AN EXCESS over matri X
be neastged (i.

e., about

,-as wl10.becone cl ear

A study of the 56 ° C stressing of this membrane gver a 18-day period showed no major difference for strips
stressed with or without adhesive. In both cases the 19-day decline in glucose value was <15% at low test
levels (80-100) and 300 mg/di. Another 56 ° C study using hand-dipped 0.81. Posidyne membrane with twice
the normal concentration of enzyme and dye was completed. Two separate preparations of the same
formulation were made up and the stability measured over a 14-day period. The average results of the two
studies were plotted. Changes were within £10% over the 14-day period at both the high and low glucose
test level. These data show this formulation to be particularly stable.

Example IV

Sample Size:

The sample size requireinents for MPX are demonstrated in Table 9.

Effect of Sample Size on MPX Measurements

Sample

TABLE 9.

Dual Wavelength

///‘.

en Replaced

N

Single Waveleagtn

Size {(ul)

1
b
54

49

N =
QoW W

301
383
398
364
375

N —
QOoOWM.sgW

50
49
48
48
49

260
378
402
362
370

39
49
49
50
49

Average

Low Glucose YSI = 56

31
49
51
u7
50

- 40
43
50
48
49

31
41
50
54
55

42
45
49
53
5T

High Glucose YSI = 360

276
367
382
378
380

286
341
370
368
378

280
367
388
368
376

13

274
361
378
356
380

232
356
387
358
382

30
uy
48
56
58

244
342
366
379
389

19

49
55
60

260
318
351
369
385

Averag

30
- 4y
49
Su
58

252
344
370
356
384
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at certain points in tine after -appl FEH4EBBA% he sanpl e. Lﬁg%rsu FL EAS BEEN
refers in this application not only to light within the vi %Eﬁgﬁﬁth
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At low glucose concentration the single wavelength result has some dependence on sample size which
10 is completely efiminated using the dual wavelength measurement. Although this dependence with the single

wavelength might be considered acceptable, it is clearly undesirable.

Example V
15 Reproducibility:

Experimental measurements described -above were always run in replicate, usually 2, 3 or 4 determina-
tions per data point. These sets have always shown close agreement even for samples with extreme
hematocrits or exireme oxygen levels. C.V.s were well below 5%. If appears, therefore, that reproducibility

20 is very good to excellent.

The subject invention provides for many advantages over systems which are presently available
commercially or have been described in the literature. The protocols are simple and require little technical
skill and are relatively free of operator error. The assays can be carried out rapidly and use inexpensive and
relatively harmless reagents, important considerations for materials employed in the home. The user obtains

25 results which can be understood and used in conjunction "with maintenance therapy. In addition, the
reagents have long shelf lives, so that the results obtained will be reliable for long periods of time. The
equipment is simple and reliable and substantially automatic.

- All patents and other publications specifically identified in this specification are indicative of the level of
skill of those of ordinary skill in the art to which this invention pertains and are herein individually

30 incorporated by reference to the same extent as would occur if each reference were specifically and
individually incorporated by reference.

The invention now being fully described, it will be apparent to one of ordinary skill in the art that many
modifications and changes can be made thereto.

as Claims

1. A measuring apparatus for the determination of an analyte in a fluid, which comprises:
a container having a light-tight closure adapted to removably contain a porous matrix capable of
containing an absorbed fluid to be analyzed;
] means for illuminating a surface of said matrix;
means for detecting light of two different wavelengths reflected from said matrix;
conirol means for collecting readings of reflected light and calcu|atin§ a value for the amount of
analyte in said fluid based on readings of analyte or reaction product absorbance from the first
wavelength of reflected light and of background absorbance from the second wavelength of reflected
45 light; and
means for reporting said value.

2. An appai’atus according to claim 1, wherein said apparatus further comprises a self-contained electronic
power supply operationally connected to said means for illuminating, means for detecting, control
50 means, and reporting means.

3. An apparatus according to claim 1 or claim 2, wherein said means for illuminating and means for
detecting light of two differont wavelengths together comprise: (1) two light sources of different
wavelengths and a single light detector; or {2) a polychromic light source and two detectors restricted

55 to detecting different wavelengths of light.

4. An apparatus according to claim 1, claim 2 or claim 3, wherein the first wavelength of light is from 690
to 710nm and the second wavelength of light is from 625 to 645nm.

+A



a de\}i ce is schematically shown in Fi "'gt'j'r:"e'z'v\herei na 15 test device of
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9.

A ARp3RIS; eyl 99 R Flaimof ereity saﬁgcwﬁ%é%eat‘%\éf &l ‘8 bipoRf callgating rasth
eoli regﬁe\?brﬁf ngI "f thta Sbseficaaro qc@d rogm said reagent pad.

An apparatus according to claim 7 or claim 8, wherein when power is supplied to said control means in

- an analyte detection mode, said control means automaticaily collects and compares sequential

10.

11,

12.

13.

14,

reflectance readings from said detector, initiates a timing circuit upon detection of a drop in reflectance,
collects reaction reflectance readings at predetermined intervals after said drop in reflectance, cal-
culates a value for the concentration of analyte in said fluid being analyzed from said reaction
reflectance readings, and transfers said value to said reporting means.

An apparatus according to claim 7 or claim 8, wherein when power is supplied to said control means in
a base reflectance mode prior to said analyte detection mode, said control means collects and stores a
base reflectance reading from said matrix prior to application of fluid to said matrix and wherein when
power is next supplied to said control means in the analyte detection mode, said base reflectance
reading is subtracted from said reaction reflectance readings by said control means prior to calculation
by said control means of said value.

A method of determining analyte concentration in a liquid, which comprises:

quantitatively measuring base reflectance from a first surface of a reagent element comprising an
inert porous matrix and a reagent system capable of interacting with said analyte to produce a light-
absorbing reaction product, said reagent system being impregnated in the pores of said matrix, prior to
application of said liquid to said reagent slement;

quantitatively measuring reaction reflectance from said reagent element after application of said
liquid to a second surface of said reagent element other than the first surface from which said reaction
reflectance is measured and after said liquid has migrated through said reagent element from said
second surface to said first surface;

quantitatively measuring interference reflectance from said first surface of said reagent element -
after said application of liquid using a wavelength of light different from the wavelength of light used to
measure said reaction reflectance; and _ '

calculating a value expressing said concentration from said reflectance measurements.

A method according to claim 11, wherein said matrix has surfaces formed from a polyamide.

A method according to claim 11 or claim 12, wherein the average diameter of the pores in said matrix
is from 0.2 fo 1.0 um and said liquid is whole blood.

A method according to claim 13, wherein said reagent produces a light-absorbing reaction product
upon reacting with glucose.

cet Has Been Replaced

. TR



twelve-bit binary digital nunber upon command of m croprocessor 20.
M croprocessor 20 can be a digital 9 integrated circuit [t _serves fhe

following control functions: 1) timng for the entire sysyeTHIS ZHEEERNSNEEEN |
of the output of analog/digital converter 19; 3) together With pRERHAQEDand |

data menmory 21, storing data corresponding to the reflectance measured at
specified tine intervals; 4) calculatindg6anal yte levels fromthe stored
refl ectances; and 5) outputing analyte concen- 10 ‘tration data to display
22. - Menory 21 can be a digital integrated, circuit which stores data and
the mcro- processor operatinig program Reporting device 22 can take
various hard copy RS soft copy forms. Usually it is a visual display, such
as a'liquid crystal D 15 display, but it can also be a tape printer,
audi bl e signal, or tiMethodkand Bpparatss forthe teterminatian of moblyts a start-stop
switch and can provide an audible or visible tinme output to indicate tines
for applying sanples, taking readings, etc., if desired. 20
AnwmmﬂmdmmmMMQmem%mmedanm@ﬁehaﬂddhd%mmwabm

with an apparatus specifically designed to carry out the method. The method
involves taking a reflectance reading from one surface (15} of an inert porous
matrix {11) impregnated with a reagent that will interact with the analyte to
produce a light-absorbing reaction product when .the fluid being analysed is applied
to the matrix. Reflectance measurements are made at two separate wavelengths
in order to eliminate interferences. A timing circuit may be triggered by an initial
decrease in reflectance by the wetting of the surface whose reflectance is being
measured by the fluid which passes through the inert matrix. The method and
apparatus are particularly suitable for the measurement of glucose levels in blood
without requiring separation of red blood cells from serum or plasma.

(Figure 2)
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Ref | ect ance Swtching In the preseni |nvent|on t he feflectance circuit

itself can be used to initiate t|n1m©0bvsa$bsmr|ng a drop i ac..,u.au €
t hat occurs when the aqueous portion of the suspension sollfwﬂﬁ N REEN
the reagent pad (e.g., blood) mgrates to-the surface at whi
i s being neasured. Typically, the neasuring device is turned on in a
"ready" node in which reflectance readings are automatically made at 30
cl osely spaced intervals (typicall bout 0.p secon on1

of f-white, substantially dry, unr a&?ed [

nmeasurenment is typically made prior & % g‘?’th ma

bei ng anal yzed but can be made aftlerot gﬂu d S? app

| ocation on the reagent el enent otjh tha!: r %?ctance I 9
nmeasured. J\e refl ectance value id by he m crjoprog

typically stQring successive valu andt t hen conpayi ng each
value with{tMeAnitial unreacted &10 val ue. S Wen |t he aqueoQs sol ution
penetrat es{ t he .

o
<
St

ANALOG TO
DIGITAL
(ONVERTER

Fig. 1

wn . o~ <
|58
S
=
o
\ ; /'
N/
N \\l’/ = o
s )
S [ 7 -
& /:{/\\: {
=/ N
Thls Sheet Has Been |

A




rqadeht matrix, the drop in reflectance signals the start of [fﬁml A
tine interval. Drops in reflectaRR@43P3384P@[err] can be useq 10" |‘P T 41AS BEEN
timng, typically a drop of about 10[err]. In this sinple wiy—thet LACED

exact- synchroni zati on of assay medi umreaching the surface fron1mh|ch
measurenents are taken and 10 initiation of the sequence of readings, with

no requirenment of activity by &
described in this application a}
pol yam de, matri ces and parti cul
determ ning the concentration o
mat eri al s of biological origin, o] nee
swi t chi ng aspect of the inventi
used with 20 refl ectance swtl

éﬁch

i ce?f

e user. Although the total_systens
articularly dirgct ¢

uck

d td the uge of
15 nag;ices in
s dl ug@se] and ot her

jfmt jt hearefl ect ance
qr exdamgie, [the matrix
dm ary._wat el -

i nsol ubl e hydrophilic material apd/any othes

Particular Application to Q& ucosedAssay 25N - -
exanple with regard to detecting glucose in t he_pH
wll now be given in order that greater detxili and par
be pointed out. Although this represents =
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a preferred embodi ment of the present invention, the 30 in eg “9R¥N&Niq§ﬁ57

I|n1ted to the detection of glucose in bl ood. The use of polya

to formthe reagent el ement provides a number of desirable charfac-

teristics-in the present invention. These are that the 35 Heqgehtl @Cﬁﬂﬁﬂﬁ
e., takes up reagent and sanple readily), qods not deform |
on wetting (so as to provide a flat surface for reflectance readrng), IS

is hydrophilic (i.

conpatible with enzynes (in order to inpart good shelf stabil{ity). takes up

alimted sanple volunme per unit 41 volune of menbrane (necessary in
order to denonstrate an extenggg ﬁbnawd:dgygghfﬁ g heasurenents), and shows

5 sufficient wet strength to rout 1 ne, manuf.act ure.

In a typical

configuration, the methd®%s E%r?ﬁéﬂﬁﬁaFAaépﬁgQQ1%ﬁﬂkﬁ%&%s consi sting of a
pl astic ﬁolder and the reagent elenment (the matrix having the signal
produci ng system i npregnated therein), as described in EP-A-256806. 10

The el ectronic apparatus used to make the reflectance readings mnimally
contains a |ight sourcefhea present invention relates. to a test

device and method for the colorimetric dsatermination of
chemical and biochemical components (analytes) in

10

aqueous fluids, particularly whole blood. Ih one

praferred embodlment it concerns a test device and
method for colorimetrically measuring the concentration

of glucose in whole blood.

The quantification of chemical and

biochemical components in colored aqueous fluids, in
particular colored biological fluids such as whole

blood and urine and biological fluid derivatives
20

suecn

as blood serum and blood plasma, is of ever-increasing:

importance. Important applications exist in medical
diagnosis and treatment and in the quantification of
exposure tp tnerapeutic drugs, intoxicants, hazardous
chemicals and the like. 1In-some instances, the amounts
25 of materials being determined are either so miniscule--
in the range of a microgram or less per deciliter--or
so difficult to precisely determine that the apparatus
employed is complicated and useful only to sKilled
laboratory personnel. In this case the results are

30 generally not available for some hours or days after

sampling. In other instances, there is often- an

emphasis on the ability of lay operators to perform the

test routinely, quickly and repréducibly outside

a

laboratory setting with rapid or immediate information

35 -display.

One common medical test is the measurement of

blood glucose levels by diabztics. Current teachiag
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refl eéted |ight detector, an anplifier, an analog to digital cfn i -
m croprocessor wWith menory and program and a display device. SN_E'{LA%MEET SHEET

The light source typically consists of a light emtting diode {LED).
Al t hough it is possible to use a polychronmic |ight source and i ght OCT 1996

det ector capabl e of neasuring at two different wavel engths, a
REPLACEMENT SHEET 12 preferred apparatus would contain two LED s&UTE§§'br a ‘

singl e di ﬁje C@@aiﬂggllgf damigdd ;_Qg 53/»5);&1’:? imtm%smﬁﬁeta]?grhsﬁ 5! i CIhtb - -
Commercial l'y ayail abl e LEDs producing the wavel engths_of |ight described as

bei ng preferr @ fi°Che lﬁr"g%s‘erfjt"qébe"c'f i ©arIor T nt&f‘%ﬁg & Pédi g‘t‘ eﬁé‘é’k’%d

HLMP- 1340 wi t hoanthei ssitar ereddiea e r B35 avite ar Hénkévi dRadk ayads €GEMT- 1045
~With a narrow band ) SSi [ 700N Lighkq commssdally

avail able Ii gh?égggegggrtg‘@l %%&e@lﬁmm%a? :5%9552}2- %Egan%.a Ltr o%lx

BPX- 65. AlX houlfvelBetngetdfdoisemt anki My Wb cheBeSNgre IRESES| bl e, the

foll owing nethgd jHatmRn@W Gafl df¥:, exercise and insulin intake to
better manage the disease. Clearly, this information

T

should be available to the patient immediately.
' Currently a method widely used in the United
10 States employs a test article of the type described in
U.S. Patent 3,298,789 issued January 17, 1967 to
Mast. 1Im this method a sample of fresh, whole blood
(typically 20-40 pl) is placed on an ethylcellulose-
coated reagent pad containing an enzyme system having
15 glucose oxidase and peroxidase activity. Thne enzyme
system reacts with glucose and releases hydrogen
peroxide. The pad also contains an indicator which
reacts with the nydrogen peroxide in the presence of
peroxidése to give a color proportional in intensity to
20 the sample's glucose level. ’
Another popular blood gzlucose test method
employs similar chemistry but iIn place  of the
ethylcellulosé-coated pad employs a water-resistant’
film through which the enzymes and indicator are
25 dispersed. This type of system is disclosed in United
States Patent 3,630,957 issued December 28, 1971 to Rey
et al. |
" In both cases the sample is allowed to remain
iﬁ contact with the reagent pé& for a specified time
30 (typically one minute). Then in the first case thne
blood sample is washed off with a stream of water while
in the second case it is wiped off the film. The
reagent pad or film is then blotted dry and evaluated.
Tne evaluation is made either by comparing color
35 generated with a color chart or by placing tne pad or
film in a diffuse reflectance instrument to read a
color intensity value.

g



15 desired results. Readings are taken by the photo- detectof @HPLACEMENT SHEET
specified intervals after timng is initiated. The 635nm LED i peweret
only during a brief measuring tine span that begins approxi matgly éﬁ :
seconds after the start time as indicated by 20 refl ectance pwt & 3553'“w6
I'f this reading indicates that a high |evel of glucose is presgn{_in_the
sanple, a 30- second reading is taken and used in the final calfculation in
order to inprove accuradiiléeypinealaopvenimgtiaiel s e aomsided 64 '
at about 250 / - a | S . ) | the 2 {9QNM r eadi ng
t aken about f%g??%%%ngg F§??F%eq§?;3?%%skrﬁ?%éggﬁfgﬁﬁitgﬁgFgag. The
readi ng fromkhel pabieastecllée SeupefriRereeirethel 3 nT2FVEF RAFBE t he
appropriate L is achigeat edicwhitesd Sdd/pisadisri@sse tE@nzengesde rogecond.
The raw rgflectance readings are th usegﬁﬁgr cal cul atjons gerforned by
the microproc¥¥R8orPEPPef tHESE §D! HhrPU ST P ant*Bofivarted to a
digital signateadNubgr.ous m croprocessors can be used to carry out the
cal cul ati on. An Al M65 si.ngl_e- rd 3%, ] C t nyf ' .
Rockwel | I nternational %§%a§9g3géﬂk) %?%gué§$§%¥%r§ﬁap@ d ??&TE%%l%%

with other simple lay-operator colorimetric determina-

tions in that their result is based on an absolute
color reading which is in turn related to the absolute
extent of reaction between the sample and the test
reagents., The fact that the sample must be washed or
wiped off the reagent pad after the timed reaction

10

interval requires that the user be ready at the end of
15 the timed interval and wipe or apply & wash stream at
the required time. The fact that the reaction is
stopped by removing the sample leads to some uncer-
tainty in the result, especially in the hands of the
home user. Overwashing can give low results and under-
- 20 washing can give high results.

Another problem that often exists in simple
lay-operator colorimetric determinations is the neces-
sity for initiating a timing sequence when blood is
applied'to a reagent pad. A user will typically have

25 conducted a finger stick to a obtain a blood sample and
will then be required to simultaneously apply the blood
from the finger to a reagent pad while initfgting a
timing circuit with his.ob‘her other hand, therebx
requiring the use of both hands simultaneously. This
30 is particularly difficult since it is often necessary
to insure that the timing circuit is started only when
blood is applied to the reagent pad. All of the prior
art methods require additional manipulations or
- additional circuitry to ;chieve this result. Accord-
- ingly, simplification of thnis aspect of reflectance
reading instruments is desirable.

35
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13 The present methods and apparatuses allow a very sinple pr
m ni'mum oper ational steps on the part of the user. In use, th e%gent
strip is placed in the detector so that the hole in the strip}5} r éiQﬁEﬁﬁ96
with the optics of the detecting system , A renovable cap or ¢ther cover is
‘pl aced over the optics and strip to shield the assenbly from @gnmbi ent [1ght.
The neasurement sequencghd Sp4&88nkai bratked ay dYE S NG & O §:
measuri ng apga&atu% t hat activateghghe,lo m croconpyter, to take a

measur enent  of ~PEFFe ORI TYH S 19 hrPhé“&ﬁﬂQﬁﬁ%&i?%%béﬂe[ﬂﬁfs%ﬁfred an
Rdry readé' ngmefite odp tite sherbsehoved vandies™ drimrefy biaodiag &pplied to the
reagent pad, I cal i t a t,_p .S regi red. w.t ptics
and the readﬁkéaa%\?idc%.wl%%’LS@E?égprgg elrsr Zigl t"hae{s héjo(rae[g[glegn\% s?%’ll;'%d e left
in register @stihelye agm imsst nwbdedy poagitdiarde hamdinewgleTheeiagt r unment

i s capabl e of teng @.é&@.mlaﬁa&tﬁmofwfﬂm%g A diSFa SAPEE OY e 8

decrease in the reflectance when the sanple passes through the matrix and
refl ected 2079 Pdiod LakbIut BAMORNLRE IGF e FaFaRNt AFE: detiBh3e in

refl ect alg e lairliygt aha vd e Agresguenat Wilkh des glesedt beds 3o, gsyai | at
other lo t'%@%Jékégngﬁd blood cells from entering. In both cases

the rinse or wipe also acts to remove these potentially
interfering red blood cells prior to measurement.

w

Accordingly, there remains a need for a

15 system of “detecting analytes in colored liquids, such
as blood, that does not require removal of excess
liquid from a reflectance strip from which a
reflecﬁance reading is being obtained.

20 Summary of the Invention
quel'methods and apparatus are provided for
diagnostic assays comprising a reflectance measuring
apparatus and method which uses light of two wavelengths
for examining the sample. It may be activated

25 upon a ¢énange 1n reflectance of the matrix when fluid
penetrates the matrix. The method comprises adding the
sample, typically whole blood, to the matrix which
filters out large particles, such as red blood cells,
typically with the matrix present in the apparatus.

30 The signal-producing system produces a product thch
further changes the reflectance of the matrix, which
change can be related to the presence of an analyste in
a sample. _

Exemplary of tne diagnostic assay system is

35 the determination of glucose in the wnole blood, where
the determination is made without intecference from the
blood and witnout a complicated protocol subdbject to use

ercToc.



speci f.icati on. The cover should be replaced within 15 seconds OﬁEpééﬁng SHEET
application, although this tinme my 25 vary depending on th
sanple being measured. Results are typically displayed at apj
seconds after blood application when a bl ood gl ucose sanple i

measured, although a 20 second reaction ?s perm ssible for gl
having a 30 concentration of glucose of |ess than 250ny/dl .L_lf other

sanpl es are bei ng neasured, suitable tines for displaying the result may
di ffer and can be readdhy detern1ned romthe characteristics o{ t he

reagent/sanpl e sel ecte esent ‘“Ve“t‘%?pﬁ?PuESlﬁﬂﬁfenﬁnﬁb
eval uati 035 ofindersdd éa/sel'*:‘(mrexwo otdnel:nanabytledtieugwgiermmsm@d) can be

e ot o, - HERAGKY AU C Ella Lo CoonSlRCEHbRCL YHe agdadhify

phot odet ect or "W t h “power o e reagent
pad, in ordeﬁfaylmﬂéaeﬂ&ﬁﬂ%gﬁound correctlon It has been denDnstrated

~that over a 2-3 nonth pefiod thajsthi ge¥abue cdes ity Jngge 5 for a
particul ar instrunent prepared according to the
embodiment of a test dsvice contalnlng the reaction pad

10 to which the fluid being analyzed is applied.

Figure 2 is a block diagram schematic of an
apparatus that can be employed in the practice of the
invention. '

,Flgure 3 is a block diagram scnematic of an
15 alternate apoaratus that can be employed in the

practice of tne invention.

Detailed Description

The Reagent Element .

20 The element, its various chemical systems and
its manner of use are described in EP-3A-256806, from
which the present application is divided. However a
very brief description follows with reference to the

- Figures. '

25 As can be seen from Figure 1, a support holds
reagent pad 1l so that a sample can be applied to one
side of the reagent pad while light reflectance is
measured from the side of the reagent pad opposite the
location where sample is applied.

30 Figqure 2 shows a system in which the reagent
is aéplied to the side with the hole in the support
handle while light is reflected and measured on the
other side of the reagent pad. Other structures than
the one depicted may be employed. The pad may take

35 various shapes and forms, subject to the limitations
provided herein. The pad will be accéssible on at

least one surface and usually two surfaces.



preferred enbodi nents of this specification, and it is possibleﬂﬁ?%ﬁ%ﬂﬁﬂﬁﬂ%ﬁEr
thi s hackground reading into the conputer nmenory as a constant} JWER G
slight nodification of the procedure, however, this value can [bg ng dﬁ@ﬁ

wi th each analysis for nore accurate results. In the nndified,prodégpéé?
meter would be turned on with the lid closed before the reagert
pl ace, and the background current would be neasured. The testf strip would

then be inserted into 15 the neter mﬁéh the cover closed, an RIFF—————swe————
measur enent taken, and the procedure continued as described above. Wth

this nodified procedure the background current does not need to be stable
throughout the life of the neter, thereby providing nore accurate results.

20 The r &heihwdreplibic \Laver cbreapentnglemant) man ke

gl ucose assaytdched %h&{@%\ﬁpﬁ&fe@ éﬁpoeéﬁdea&emcmwd é?' echance,
Rb, as descri hed above area éﬂg the unreacted te 4é£) drys als
descri bed abB@t&eTan FLAMR R ATREFEERST heRevess 1 ?ﬁ‘g %?‘%r‘?%ﬁh°
enbodi nent s ige Sy ideridieres nthé h@umwhpm ntThe bohdiag ican asé yicsmabd:ftnnd
must be precisely tined from L i app L.Qn_qof ve[. the
neter as de&&Y BET eeraecf%l‘ﬁ%r bt il §£¥|$n%iﬁgg%1“ g‘ma%ltca F"(‘5|$WEII’l %%‘?
concent r at i smpport surface is melted epough to entrap some of the

material ‘used for the hydrophilic layer, or by microwave or
ultrasqnic bonding methods which likewise fuse the

10 hydrophilic sample padé to the support. It is important
that the,bending be such as to not itself interfere _
substantiallyﬁhfth the diffuse reflectance measurements or
the reaction being measured, although this is unlikely to
occur as no adhesive need be present at the location where

15 the reading is taken. For example, an adhesive 13 can be
applied to the support strip 12 followed first by punchihg
hole 14 into the combined strip and adhesive and then
applying reagent pad 11 to the adhesive in the vicinity of
hole 14 so that the peripheral portion of the reagent'ped

20 attaches to the support strip. |

When used with whole blood, the porous matfix
" preferably has pores with an average diameter in the range
of from about 0.1 to 2.0 pm, preferably about 0.2 to 1.0 and
more preferably from about 0.6 to 1.0 um. )

25 A preferred manner of preparing the‘porops
material is to cast the hydrophilic polymer :such as
polyamide onto a core of non-woven fibers. The core fibers
can be any fibrous material that produce the described
integrity and strength, such as polyesters_and~polyamides.

30 The-reagent that will form the light—-absorbing reaction
product, which is discussed later in -detail, is present
within the pores of the matrix but does not block the matrix
so that the liquid portion of the assay medium, e.g. blood,
being analyzed can flow through the pores of the matrix,

35 while particles, such as erythrocytes, are held at the



30 bel ow 250ngy/dl, a suitably stable endpoint is reached in go-secormds———
and a final reflectance, Rlerr], is taken. For glucose concent ratRESHACEMENT, SHEET
450nmg/ dl, a 30-second refl ectance reading, R err], is adequate. t hough

the system descri bed herein displays good 35 differentiation up 04 gCT 1996
800ny/ dl of glucose, the measurement is sénmewhat noi sy and inacfgufate above
450ny/ dl, "al t hough not so great as to cause a 15 significant|p

Longer reactiﬁﬂrgﬁﬁﬁs shoul d provi de nore suitable readings for}the higher

| evel s of glucose concemmatdignailherd@loingetyeceanmeyr bedienpiayed Mehaaal
5 wavel engt h, ne I nt. ds.tyvpically.tak a cond R,

this time bl ood vémg%f’%hq%vg fc}rrep%%flel% és"é%ﬁrg Sdgf‘%gyﬁ:gaggln? h%a(fg “{déga?/o% 15
seconds the dpeoduset i(@ithan idirectlytakeipfiizeckiy)i & sompaund that nds|

part, by & 7089&53«}%:&%1&&1% dé@%uptigacstdxew&%l deDOYRER a

700nm signal 1s a advant age,” readi ngs beyond 15 seconds are ignored in
t he cal cul ati ya¥elength at which the assay medium substantially absorbs,

but a reagent producing a light-absorbing reaction product

upon reacting with glucose will be especially useful.
10
The Analysis Method

“The analysis method of this invention relies
on a chénge in absorbance, as measured by diffuse
reflectanée, wnicnh is dependent upon the amount of

15 analyte present in a sample_being tested. This change
may be determined by measuring the change in the
absorbance of the test sample between two or more
points in . time. |

"The first step of the assay to be considered

59 Will be application of the sample to the matrix. In

> _ practice, an analysis could be carriad out as follows:
First a sample of aqueous fluid containing an analyte
is obtained. Blood may be obtained by a finger stick,
for example. An excess over matrix saturation in the

25 area where reflectance will be measured (i.e., about 5-
10 microliters) of this fluid is applied to the reagent
element or elements of the test device. Sigultaneous

'starting of a timer is not required {as is.commonly
required in the prior art), as will become ciear

30 below. Excess fluid can be removed, sucn as py light
blotting, but such removal is also not required. The
test device is typically mounted in an instrument for
reading light absprbance; e.g., color intensity, by
reflectance, prior to application of the sample.

35 " Absorbance is measured at certain points in time after
application of tae sample. Absorbance refars in tais
application not only to light within the visual

wavelength range but also outside the visual wavelength
range. such as infrared and ultraviolet radiation.



The raw data descri bed above are used to cal cul ate parameters DREHDKENE@W

to gl ycose 15 concentration which can be nore easily visual ij zgt~t+an SHEET
refl ectance neasurenments. A logarithmc transformation of refle ?f?

anal ogous to the relationship between absorbtivity and anal yt OCT 1996
concentration observed in transm ssion sgectroscopy (Beer's LpwCan _be

used if 20 desired. A sinplification of the Kubel ka-Mnk efuations,

derived specigfdzdldnedOrnéLéhLehaNEs SPCLbEBSEARe RAVR dY Qe meularly
usef ul . In this derivation is_related to anal yte concentration with

K/'S defined By EHPRITH 1°af2§éi‘</%a%mf?&°d RAt )t[eé”ﬂsl A2 anadiye
(1) Rt ig thevedfl ectivity taken at a particular endpoint time, t, and is

t he absorbed fraction of the 30 i ncident |ight beam described by
Equation 2, where Rt is the endpoint reflectance, R err] or Rerr]. Rt =
(Rt - Rb)/(Rdhe M&juring Instrument (2) 35 Rt varies from

0 for no reflected Iighgy (b} BQEr&BEﬁE rgﬁJepgﬁ |&¥gf£§yry) The

be
use of reflectivity in the ca?cu?a%lons greatl
reflectance spectropnotometer W1th aporoprlate

10 software, can be made to automatically read reflectance
at certaln points in time, calculate rate of
reflectance change, and, using calibration factors,
output the 1eve1 of analyte in the aqueous fluid. Such
a device rs schematlcally shown in Figure 2 whereln a

15 test device of tne invention comprising backing 12 to
which reagent pad 11 is affixed is shown. Light source
5, for example a nigh intensity light emitting diode
(LED) projects a beam of lignt onto the reagent pad. A
substantial portion (at least 25%, preferably at least

20 35%, and more preferably at least 50%, in the absence

) of reaction product) of this light is diffusively
reflected from the reagent pad and is detected by light
detector 6, for example a pnototransistor that produces
an output current proportional to the light it

25 receives. Light source 5 and/or detector & can be
adapted to generate or respohd_to a particular
wavelength light, if desired. The output of:detector 6
is passed to amplifier 7, for example, a linear
integratéd circuit which converts the phototransistor

30 current to a voltage. The output of amplifier 7 can be
fed to track and hold circuit 8. This is a combination
linear/digital integrated circuit which fracks or
follows the analog voltage from amplifier Y-and, upon
command from microprocessor 20, locks or holds the

35 voltage at its level at that time. Analog-to-digital
converter 19 takes the analog voléage from track and
hold circuit 8 and converts it to, fof example, a

A twelve-bit binacy digital number upon command of
microprocessor 20. Microprocessor 20 can be a digital



16 meter design as a highly stable source and a detection circuj tREPRACEMENT SHEET
unnecessary since these conponents are nonitored with each Rdry
measurenent. For a single wavel ength reading K/'S can be 5 cal cu
seconds (K/S-20) or 30 seconds (K/S-30). The calibration curves
these paraneters to YSI (Yellow Springs Pnstrunents) gl ucose ne
can be preC|seI descri bed bxéthe t.hird order ¥ non1a| equati pn qutlined

in Equation 3NURESAFeL gpreldtek/ b Se9(88 § PLioYipR/ SPPSECRL gy
The coeffici enircd Dons hes@)pohmﬁﬂ@ Flor aree |erStthdel sy3abhe 2) ]:‘éa'BABigE 1.

S e g R T
-55. 75 togetner with pEHgZBEMBENd data memorm_Zﬁgzstoring data
0.1334 a2 correspord{Ag *ol®he reflectance m@agéie& 3 @pekiried
time intervals; 4) calculating analyte levels from the
stored reflectances; and 5) outputing analyte concen-
10 tration data to display 22. Memory 21 can be a digital
intégrateg circuit which stores data and the micro-
processor operating praogram. Reporting device 22 can
take various hard copy and soft copy forms. Usually it
is a visual display, such as a liquid crystal or LED
15 display, but it can also be a tape printer, audible
.signal, or thne like. The instrument also can include a
start-stop switch and can provide an audible or visible

time output to indicate times for applying samples,
taking readings, etec., if desired.

20
Reflectance Switcning

In the present invention, the reflectance
circuit itself can be used to initiate timing by
measuring a drop in reflectance that occurs when the

25 aqueous portion of the suspension solution applied to
the reagent pad (e€.g., blood) migrates to the surface
at which reflectance-is being measured. Typlcally, the
measuring device is turned on in a "ready" mode in
which reflectance readings are automatically made at

30 closely spaceq intervals (typically about 0.2 seconds)
from the typically off-white, substantially dry,
unreacted reagent strip. The'initiai measurement 1is
typically made prior to penstration of the matrix by

. fluid being analyzed but can be made after the fluid

35 has been applied to a location on the reagent element
other than where reflectance is being measured. The
reflectance value is evaluated by the amicroprocessor,

typically by storing successive values in memory and
then comparing each value with the initial uncreactad



25 a3 2.58 x 1008 1.20 x 10[
singl e chem cal ‘species being neasured in the preferred é&nbodi
MBTH- DMAB i ndam ne dye 30 and the conplex matri x bei ng anal yjzg¢d gslwe?hegb
bl ood distributed on a 0.8u Posidype nenbrane. A review enti t :
"Application of Near Infra Red Spectrophb®o- nmetry to the Non '
Anal ysis of Foods: A Review of Experinental Results", CRC Cri
35 in Food"&@tienceWhBRd NRT iaduRPULsIBIUupbIN3BeNESEH 2
Ff i?gi;?Fent§e?§§gg ?Efﬁx?;nxngn@g@@t1@fp@nleethgabl@g@ﬂahschiéeaence
err errlal [err . Wher e errla is,the optical, density of the .
wavel engt I ;E?rkone§&ﬁuﬂ%ﬁfé%}Q%eiHﬂ%of%p?nghﬁxiﬁﬁ%%ﬁ ﬂyconponent to
be det er m nedr@nleObRerck] b 54305 opdn caé dsedi ty dnid hebeel eimingwhere the
sane conponent do t _ab band ficangly. ; ; | gorithm
for dual wavef'%ﬂb?%]#&a?ur%onﬁt&f g%yu%eg%gi tgnngpéscc?r%pa}?e]i(gﬁ%% for
si ngl e wavel ebgehendss examhtsmenren hgehiadr efpdissyuimed it FeagpipBder

correction appjied e AWk £eMli R8a58rdneh®R @re taken and
10 initiation of the sequence of readings, with no

" IREPIAGEMENT SHEET

ts=Ts—tihe
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require&ent of activity by the user.

. vAlthough the total systems described in this
application are particularly directed to the use of
polyamide, matrices aad particularly to tne use of such

15 matrices in determining thne concentration of various
sugars, such as glucose, and other materials of
biological origin, there is no need to limit the
reflectance switching aspect of the invention to such
matrices: For example, the matrix.used with

20 reflectance switching may be formed from any water-
insoluble hydrophilic material and any other type of
réflectance assay.

Particular Application to Glucose Assay

. | 25 A particular example with regard to detecting
glucose in the presence of red blood cells will now be
given in order that greater detail and particular
advantage can be pointed out. Although this represents

¢ a preferred embodiment of the present invention, the
' 30 invention is not limited to the cdetection of glucose in
blood.

The use of polyamide surfaces to form the
reagent element provides a number of desirable charac-
teristics in the present invention. These are that the

35 reagent element is hydrbphilic (i.e., takes up reagent
and sample readily), does not deform on wetting (so as
to provide a flat sucrface for reflectancs reading), 1is

_compatibls with enzymes (ia ocder to impart good snelf
stability), takes up a limited sample volume per unit



subtracti on of background color due to blood. In order 10 to LACEMENT SHEET
correction, a relationship between absorbanoe at 635nm and 70Qnnrdue—to

bl ood col or can be and was determ ned by neasuring bl ood sanplje Lt N 8*
ng/ dl- gl ucose over a wi de range of blood color. The col or randge fwa 1 OCT 1396
constructed by varying hematocrit, and 15 fairly linear rel gtilanships
were observed. Fromthese lines the K/S-15 at 700nm was nornglized to give
equi val ence to the K/ S-30 at 635nm This relationship is reportet—+
Equation 4, where K/ S-15n is the norn&?ized K/'S-15 at 700nm 20 K/ S-15n=
(K/-S-15 x 1.54) 0.133 4) Note that the equival ence of the
normal i zed 700nm si gnal and the 635nmsignal is only true at zero 25

gl ucose. The expressions fromwhich the calibration curves were derived
are defined by Equations 5 and 6. K/ S-20/15 = (K/'S-20) - (K/ S-15n)

(5) 30 K/'S-30/15 = (K/S-30) - (K/S-15n) (6) These
curves areybeainef idf menfbrsard -(Qistsgspaty nbim erdeguadi desopistidadre tan
Equation 3 to which a fourth-order termin K/S is added. The conputer-fit
coef fi ci enextadnded dymanhias craygatoHmeasaereénents )i nandbishaows

5 sufficient wet strength to.allow for routine manufacture.
In a typical cohfiguration, the method is garried

out using an apparatus consisting of a plastic holder and
the reagéﬁt element (the matrix having the signal producing
system impregnatéd therein), as descfibed in EP-A-256806.

10 The electronic apparatus used to make the
reflectance readings minimally contains a light source, a
reflected light detector, an amplifier, an analog to digital
converter, a microprocessor with memory and program, and a .
display device. ' .

15 " The light source typically consists of a light
emitting diode (LED). Although it is possible to use a
polychromic light source and a light detector capable of

b

measuring at two different wavelengths, a



18 TABLE.2. Coefficients for Fourth-Order Polynomal Fit of 'aRERNhﬁEMENQtSHEET

Calibration Curves 5 K/ S-20/15 K/'S-30/15 a0

-0-1388 1. 099 al 0. 1064 +
0. 05235 a2 6.259 x 10[err] 1.229 x 10[e r]"-" 1PCT
a3 -6.12 x 10[err] -5.83 x 10[err] a4 _—
3.21 x 10[err] 1.30 x 10[err] A second order corfection to

elimnate errors due to chromatography effects has al so been devetoped—tow
hemat ocri t sanp!es have characteristically | ow 700nm readi ngs conpared to
hi gher hematocrit- sanples with the sane éé%nn1reading When the ratio of

(KI'S-30)/ (KIS 15) is. A enr Rfs kgt t
and gl ucose éﬂﬂ%%%TFa th %ﬁﬁ? res l%%hEyfﬁngwgdﬂcR ggggp% |nd|ca?g;| >
t he bordertxﬂnwgm°sampﬁesOmmaﬁ1QhQﬁﬂde%%¥©33tbgrdpﬁylépﬁects (above the

;ggxg) . ﬁg%chpe%@eigﬁt'tﬂg Bt 1GR8 OW td¥midit¢ 21178 vK/1Ta30 f WED1E sanpl es
producing the wavelengths of light described as being
preferred in the present specification include a
Hewlett Packard HLMP-1340 with an emission maximum at
635nm and a Hewlett Packard QEMT-1045 with a narrow-

10 band emission maximum at 700nm. Suitable commercially
availabfe_light detectors include 2 Hammamatsu 58T4#-18K
and a Litfonix BPX-65.

. Although other methods of taking measurements
are feasible, the following method has provided the

15 desired results. Readings are taken by the photo-
detector at specified intervals after timing is
initiated. The 635nm LED is powered only during a
brief meaeuring time span that begins approximately 20
seconds after the start time as indicated by .

20 reflectance switching. If this reading indicates that
a high 1eve1.of glucoee is present in the'sample, a 30-°
second reading is taken and used in the final
calculation in erder to improve accuracy. Typically,
high levels are considered to begin at about 250

25 mg/dl. The background is corrected with a 700nm
reading taken about 15 seconds after the start of the
measurement period. The reading from the photodetector
is integrated over the interval while the appropriate .
LED is activated, which is typically less than one

30 second. The raw reflectance readings are then used for
calculations performed by the microprocessor after the
signal nas been amplified and converted to a digital
signal. Numerous microprocessors can be used to carry

y . out the calculation. An AIM8S5 single-board

3s microcomputer manufactured by Rockwell International
has proven to be -satisfactory.
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corrected by elevating the reading to correspond to a 25 poi
with the sanme (K/'S-30)/(K/ S 15). The correction factors repor
tailor made to fit a single instrunment and a |inited nunber o
preparations. The algorithmcan be optim zed for an individu

and reagent in 30 the sanme manner that is described above.

the system of the present invention mnigi,zes operator action
nuner ous advantages over prior art reflectance-readi ng nethods. Wen

conpared to prior nethodaef @rel3znt dRitgIgdNI 4 Jhps@b6&tuBebl aadowl @
exanpl e, there are

X ral apparent advantages. First, th nt. of sanple
required to sVaTiﬁa§Z$¥§g toﬁi%r?e?ié‘é‘g'er‘ft&é‘acf'ﬁ 1%%?-"‘6@5%8%?32%-“?6‘ on
mcroliters).tiBecpadt ofertdeonser REFINACENMENTLIBHEESFagd9nti s rieguisred i s
only that necessaty iR R ¥ %@gsquﬁ t he, & hi, YdRroRYil isG¢ Jjgyer and
cl ose theFFojgg ?%Xp?calLy 47 secon éf.‘%ﬂ{rd? nogégqgﬁtaneogs ﬁ%%ing
start is requi¢®lstesgr tH thnHdiee aPHdEF @fn Yee detecting system. A
removable cap or other cover is placed over the optics

and strip to snield the assembly from ambient light.

The measurement sequence is then initiated by pressing

a button on the measuring apparatus that activates the
10 microcomputer to take a measurement of reflected light
from the gnreacted reagent pad, called an Rdry reading.
The cap is tnen removed and a drop of blood is applied
to the Eeagent pad, typically while the reagent pad is
registered with the optics and the reading device. It
15 is preferred that the reagent strip be left in reéister
with the optics in order to minimize handling. The
instrument is capable of sensing the application of
blood or other sample by a decrease in the reflectance
wnen the sample passes through the matrix and reflected
20 light is measurad on the opposite side. The decrease
in reflectance initiates a timing sequence which is
described in detail at other ldcations in this
specification. The cover should be replaced within 15
seconds 6f sanple application, although  this time may
25 vary depending on the type of sample being measured.
Results are typically displayed at approximately 30
seconds after blood application when a blood“glucose
sample ié being measured, although a 20 second reaction
is permissible for glucose samples having a
30 concentration of glucose of less than 250mg/cl. If
other samples are being measured, suitable times for
displaying the result may diffec and can be readily.
determined from the characteristics of the
" reagent/sample selected.
35 A particularly accurate evaluation of glucose
level (or any other analyte being measured) can be made
using the background cucrent, i.e., the curcent from



5 used. The nmethod does not require any separation or utilizati.an of _
red-cell’-free sanples and |ikew se can be used w th other deepl yngpl_mgm,t_m SHEET
sanp] es. The invention now being generally described, the sane
better understood by reference to the follow ng speC|f|c exanples mg 8 ?nﬁg
presented for purposes of illustration only and are not to be dorfsi g 6
limting of the invention unless so spec%éled. Exanpl e | Reprodudibjlity:

One mal e bl ood sanple (JG henmatocrit ) was used to collect] the

reproduci bi | ithye drietedttéotbh iR S-én TABLEL 8h R@pngﬁQ*b*L*H+4¥;4%—-—-

Si ngl e Wavel en S vera /dl
[err] C V. YSlé%%ﬁ%ﬁﬁd é% nké %@E&ﬂp %ecl"sﬁfgés t°2é3§ec 30 sec. 25
23.1 23. 0 backznund corrgc@4on. o Thas beSalOdBhonstrated53nat 53.2

3.59. 3. g2gve" a @*9 nontn p%é%%%s%?aCBE%Pé valu%oages not %h%ngp
' 5

3.0 501 for a partlgggar instrument pngpared according to3.thes9Q
675 preferred® embodiments of tifidOspecification, and it is
' possible to program this background reading into the
computer memory as a constant. With a slight _
modification of the procedure, nowever, this value can

10 pe measured with each analysis for more accurate

results. .}n the modified procedure the mester would be
turned on with the lid closed before the reagent strip
is in place, and the background current would be
measured. The test strip would then be inserted-into
15 the meter with tne cover closed, an dey measurenment
taken, and the procedure continued as described
above. With this modified procedure the background
current does not need to be stable througnout the life
_ of the meter, thereby providing more accurate results.
20 The  raw dgté necessary for calculating a
result in a glucose assay are a background current
reported as background reflectahce, Ry, as described
above; a reading of the unreacted test strip, Rdry'
. also described above; and an endpoint measurement.
25 Using the preferred embodiments described nerein, the
endpoint is not particularly stable and must be
precisely timed from the initial application ‘of
blood. .kowever,'the meter as described herein performs
this timing automaticaily. for glucose concentrations
30 below 250mg/dl, a suitably stable endpoint is reached
in 20 seconds, and a final reflectance, Rog. is
taken. For glucose concentrations up to 450mg/dl, a
30-second reflectance reading, R3g, is adequate.
" Although the system described herzin displays good
differentiation up to 800mg/dl of glucose, the
measurement is somewhat noisy and inaccurate above

4S0mg/dl, althougn not so 3Ireat as to cause a-

35



810 - 813" 37 4: 5| FEBLACEMENT SHEET
Reproduci bility of a Dual Wavel ength MPX System Average (ny/dl S. D

(ng/dl) [err]C. V. YSI (ng/dl) 20 sec. 30 sec. 20 secd BOCIe996
20 sec. 30 sec. 25 25 27 1.34 1.55 1.5. 4

5.7 55 55 57. 4 2.58  2.62 4.7 - h.5TOT

101 101.5 - 2. 55 2.18 215 2.1 326 32 330

15.0 7.1 . 4.5 2.1 501 505 .

21.3 sigaif g_thQGOblem Long2r regytion times saoulxh g

3.3 810

REPLACEMENT S
[err]C. V. YSI8

4.9 300
5

10

15

20

25

30

35

provide mo8&/suitadle readings30fdc thns nighar levkils of
ET 20 TABLE % ReprodUC|b|I|ty of a 3. 0nn1ElanEter Aperture
WGP aF) conceatrapian. 3.0nm 5 55-100 . 4.8 :

3.0The 700mm @eflectance reading for the dual
wavelength measurement is tyoically taken at 15 seconds
(R15). By this time blood will have éompletely
saturated the reagent pad. Beyond 15 seconds the dye
reaction continues to take place and is sensed,
by a 700nm reading. - Accordingly, since dye
absorptlon by the 700nm signal is a disadvantage, '
readlngs beyond 15 seconds are ignored in thae
calculatlons.

to a
small part,

The raw data described above are used to
calculate parameters proportional to glucose
cohcentration which can be more easily visualized than
reflectance measurements. A logarithmic transformation
of reflectance analogous.to the relationsnhip between
absorbtivity and analyte concentration bbserved in
transmission spectroscopy (Beer's Law) can be used if
desired. 4 simplification of the Kubelka-Moak
equations, derived specifically for reflectance

Spectroscogy, nave proven particularly useful. In this
derivation K/S is related to analyte concentration with
K/S defined by Equation 1.

(1 - R*¥t)2/(2 x R*t)

K/S-t = (1)

R*¥t is tne reflectivity taken at a particular

endpoint time, t, and is the absorbed fraction of the
incident light beam described by Equation 2, wnere Re
is the endpoint reflectance, Rpg or 330'

R*t = (R; - Rp)/(Rypy = Rp) (2)

R¥t varies from O for no reflected light (Ry)
to 1 for total reflected light (Rdry):
reflectivity in the calculations greatly simplifies

The uses of



#**results of this study lead to the follow ng concl usions:
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600 - 3.8 5.5 avg. 3.7 .

divided into aliquots and spiked with 10 glucose across r ngF ig
~ 25-800ng/dl. Twenty determ nations were made at each gl ucpsg el qTewI‘
~.fromstrips taken at randomfroma 500 strip sanple (Lot Rl4&4QR)._The

1. Single vs.
Dual Wavel ength: The average C.V. for thel®0-second dual r S

3.7[err] vs. 4.8[err] for the 30-second single wavelength result, an
i nprovenment of ™EEST 1R HFDRS £ g iAbde Sr%ﬂg‘@ oTOUIR B 13y Y| debperion
There was a 33[cdradu i rev@neninddeds by s ide Zhe S26emmpbnghusoaeer ange.

Here the C VI nqﬁ1 qfaosteech fro Seaélérgrﬂlt% ag’gd 6& erﬁg%ad%%hg@tf I cant

i mpr ovenent nost use range wavel engt h
measur enent gave sinmilar E%r%)v%h‘imft% wavedeng iy readingofpdr ednt Bet he

EL”?' \e/\awa?/el%ngiahdmaeswg(r)@ﬂtzm nsé%@qd?f @eﬁsrﬁicdj $ANYS %J@bh@g 3 agg 4). 26
a vel engt secon esu e average. C. for a secon
result in the %ng@@b )c‘jtﬁ’ ?%ﬂrﬁ[b ‘f%"%"e%r'l‘?/fgﬁ’e‘r\%i EBPS®o the
30-second r eadigarame X8 es rt}ov§$I4(YL¢H¢q .Sptiovesy efgsrugest ay/ dluchee
measurements can be precisely described by the third
order polynomial equation outlined in Equation 3.

10
YSI = ag + a;{K/S) + ay(K/$)2 + az(k/s)3  (3)
Tne coeff1c1ents for these polynomlals are
listed in Table 1.
.15
TABLE 1.
Coefficients for Taird Order Polynomial Fit of
Single Wavelengtn Calibration Curves
20 ' - )
K/§8-20 K/S5-30
aq -55.75 © -55.25
aj _ 0.1632 0.1334
ajy - -5.765 x 1072 ~2.241 x 1072
25 as 2.58 x 1078 1.20 x 1078
The single chemical species being measured in’
the preferred embodiments is the MBTH-DMAB indamine dye
30 and the complex matrix being analyzed is whole blood

distributed on a 0.8u Posidyne membrane. A review

entitled "Application of Near Infra Red Spectrophoto-

metry to the Nondestructive Analysis of Foods: A

. Review of Experimental Results", CRC Cviticél Reviews
35 in Food Science and Nutrition, 18(3) 203-30 (1983),

describes the use of instruments baséd on the

measucement of an optical density diffecence AOD (x,-

Ap).where ODA, is the optical density of the wavelength




30-second reading has a C.V. of 2.1[err] and the 20- second re -
of 4:5[err]. As was seen in the K/ S-20 response curve, the sIoE@bB@H%M$”t5HEET
decrease 35 ) sharply above 250 ng/dl. This |lead to poor} riepro-
ducibility at glucose |levels greater than 300 for the 20-secord |re3U 9CT 1996
Fromthis reproducibility 21 data the cutoff for the 20-seqond result is
somewher e between 100 and 326 ng/dl. A cutoff of 250 ng/dl wad |I=ater

determ ned fromthe results of the recoverd study set forth i Exanple I

5 3. Aperture S| ze: nga e q{ cs_.aperture si ey mén , was
i nvesti gated. SInTTTaP Sgrlﬁb Ui ?Eﬁ?ﬁf%t?ﬁ ?gﬂll afe’ Q%ﬂﬁf%ﬂ ped
di sk sanpl e dithb shewdehproietdCand adxh ihetBe Ooptidal clenapetryt @ate,a

apparent|y beQﬁ¥§§19§§€ﬁsh%%Hé¥¥€%réﬁﬁé’ Hﬁﬁgnlﬁﬁ EXEE gb%p% However

when machi ne-nade 10 nbrane was used, e aver age ) of the
Iarger apertur%&gml?hﬁ?nﬁég -3.9% us. an average C.V. for the 3. Onntaperture

of 5. 1[err.  This The algorithm for dual wavelength measurement

is by necessity more complex than for single wavelehgth
measurement but is much more powerful. The first order
correction applied by the 700nm reading is a simple
subtraction of background color due to blood. In order

10 to make this correction, a relationship betweesn '
absorbance at 635nm and 700nm due to blood color can be
and was determined by measuring blood samples with
0 mg/dl glucose over a wide range of blood color. The
color range was constructed by varying hemetocrit, and

15  fairly linear relationships were observed. From these
lines the K/S-15 at 700nm was normalized to give
equivalence to the K/S-30 at 635nm. This relationship
is reported in Equation 4, where K/S-15n is the
normalized K/S-15 at 700na.

20
K/S-15n = (K/S-15 x 1.54) - 0.133 ()
Note that the equivalence of the normalized
' 700nm signal ‘and the 635nﬂ signal is only trus at zero
25 glucose. The expressions from which the calibration
curves were derived are defined by Equations 5 and 6.
K/S-20/15 = (K/S-20) - (K/S-15n) (5)
30 ~ K/S8-30/15 = (K/S-30) - (K/S-15n) (6)

I _ These curves are best fit by fourth-order polynomial

h equations similar to Eduation 3 to which a fourta-order
term in K/S is added. The computer-fit coefficients

35 for these equations are listed in Table 2.



15 +» 30%increase in C.V. was probably due to the uneven sufTACE SE éhc .
roll menbrane | ot as discussed below. Exanple Il 20 Recovery: [PLAGEMENT SHEET
conpari son of the present nmethod (MPX) against a typical "priorf ar.t nethod
using a Yellow Springs Instrunent Mdel 23A glucose anal yser uf 3ct 0CTN996
by Yellow Springs Instrument Co., Yellow1g5 Springs, Ghio (YSIf), blood
from 36 donors was tested. The donors wer e di vided equal | y betjweemTates

and femal es and ranged in hematocrit TABRE38-to 55[err]. Thelbl ood sanples
were used within 30 hours of coIIectlon mnth I|th|un1heparin as the
anti-coagul ant. Fach_bl ood 30 nto g%ot and

ked with gl ucds@etbt 9 € Q£ §- i%? ﬂ &“
SrhcgseMA Eaghuganple %EE?% fn‘ B;L CF r 1e%f 304 data

poi nt s. 3% 22 Response curves were constructed frontthese
K/8-20/15- : K/8-30/715
ag . -0.1388 1.099
a " 0.1064 o 0.05235
2, 6.259 x 1072 1.229 x 107"
10 as -6.12 x 1078 -5.83 x 1078
ay 3.21 x 10711 1.30 x 10”11

“A second order correction to e11m1nate errors
due to chromauography effects nas also been developad.
15 Low hematocrlt samples haye characteclstlcally low
700nm readings compared to higher hematocrit samples
with the same 635nm resading. When the ratio of
(K/S-30)/(K/S-15) is plotted versus K/S-30 over a wide
range of hematocrits.and glucose concentrations, the
20 resulting line on the grapn indicates the border
between samples which display chromatography effects
(above ‘the curve) and those that do not (below the
curve). The K/S-30 for the samples above the curve are
correctéd by elevating the reading to correspond to a
25 point on the. curve with the same (K/S-30)/(X/S-15).

The correction factors reported above were
tailor made to fit a.siogle instrument and a limitad
number of reagent preparations. The algorithm can be

"optimized for an individual instrument and reagent in
30 the same manner that is described above.

In summary, the system of the present
invention minimizes operator actioas aand provides
numerous advantages over prior art reflectaace-readi ng
methods. When compared to prior methods for

35 - determining glucose in blood, for example, there are
sevecal apparent advantages. Ficrst, tne amount of
sample required to saturate the thin reagent pad is
small (typically 5-10 microliters). Secoad, operatdr



data and gl ucose values then cal cul ated fromthe appropri at

o_equation

(Tables 1 and 2). These MPX glucose val ues were then plottEedRERBA

values to 5 give scattergrans. Conparison of MPX Systens: -H
20-second and 30-second neasurengat tines there is visually
the singl e-wavel ength scattergrans than the dual-wavel ength
10 The 2Q-second readi ng becones very scattered above 250
30- secondiaearAeimay idoedn hbttiledy @ eniedsa cyc &0t @R odit ithet he, gl
i s >500 gmpglle dhegfe S@aid el JPh MAE 1842 iahdt R4 J3e Aaleer'

REPE/ gEngg" SHEET

:)r LA~ A )

e EBGrames |

| but the

ucose | evel
-Ag—the

™

deviations from YSl at. vgripus gl ucase ranges. _The .fal |l ow ng results
were obt®lHed. ' PR E B %\{:cﬁr ‘c‘%"bdfs NPXJT?‘r‘(f‘%'Ré‘c?O\?eerY' "5 VX

Measur enfefring SSE@rcg iy digquired.

(sec.9
5.6
7.1
12.8
8.4 25

a

used. théluetnod dodks Ift c&foridR0 arf}/5%e7pa$ia_ﬂﬂ|o% or
utf81'5827égic1tb'<2f ]E'ﬁéacf’-cell—ft:ee&s%gllpﬁes and lik?é%ife can

be us@lavith other deggply colored sampli@s. 5.5

Fagogh .f eihoRenddoof) canweel ength  Tine

20
6.9
5.3
5.8

Note:  FRESEn?éRt sk CholBSdiithk Gehsratiy addierthigd, wavel ength

system gave C.V.s t

the same wL??tbe better undecstood by refarence to the
following specific examples which are presented for
purposes of illustration only and are not to be
considered limiting of the invention unless so
specified. Y )

Example I
Reproducibility:

One male blood sample (JG, hematocrit = UiS)
was used to collect the reproducibility data set forth
in Tables 3-5.

TABLE 3.

Reproduciblility of a. Single Wavelength MPX System

Average (mg/dl) S.D. (mg/dl) ZCc.V.
¥YST (mg/dl) 20 sec. 30 sec. 20 sec. 30 sec. 20 sec. 30 sec.
25 23.1. 23.0° 2.1 2.04 9.1 9.0
55 53.3 53.2 3.19 3.32 6.0 6.3
101 101 . 101 3:0 3.3 3:0 3.3
326 - 326.6 327 13.3 9.8 y_ 1 3.0
501 503 . 17.1 : 3.4
690 675 28 §.15
810 . 813 37 §:s
TABLE 8.~
Reproducibility of a Dual Wavelengtn MPX System
Average (mg/dl) s.0. (mg/dl) 2C.V.
YSI (mg/dl) 20 sec. 30 sec. 20 sec. 30 sec. 20 sec. 30 sec.
25 25 27 1.34 1.55 5.4 S.7T
55 55 ST.4 2.58 2.62 §.7 4.6
101 101 101.5 2.55 2.138 2.5 2.1
326 332 330 15.0 7.1 y. 5 2.1
501 505 21.3 4.2
690 687 22.8 3.3
810 . 817 30.4 3.7




ranged. 30% | ower than the single wavel ength system b. The biREFLACEMENT SHEET
wavel ength system from 0-50 ng/dl, showed a S.D. of 6-7 ng/d _
S.D. for a dual wavel ength neasurenment was only 2.2 ng/dl.-35 %g,ﬁgé ﬁ@b
The cutoff for a 30-second MPX neasurenent is 250 ng/dl. For{the _6a .E

ng/ dl: range both the 20- and 30-second nmedurenments gave sim fal
inter-nmethod C.V.s (approxi mately 7[err for single

wavel ength, 5.5% for dual mavelength) Lﬁbﬁeger in the 250 40U’nulu| anye

inter-method C V.s re than. doup f e.20- econ re to 14.5[err]
for the single and %%%ﬂ%ﬁ%ﬁ 9bf ?ﬁeoguﬁl m8@§|§ﬁ§ﬁﬁ i 0] &2 30- second

readi ng was unusabl e above 450 ng/dl for both the |0g|e and dual
wavel engt h neasur enent (CY¥IS /%Q)Z and arﬁﬁﬁrffi%—ﬁ?jﬁa;

5
55-100 4.8 4.9
300 3.0 5.0
600 : 3.8 5.5
avg. 3.9 .1

The blood was divided into aliquots and spiked with
10 glucose across a range of 25-800mg/dl. Twenty
determinations were made at each glucose test level
from str%gs taken at random from a 500 strip sample
(Lot FJU-#9B).. The results of this study lead to the
following conclusions: -
15 _
1. Single vs. Dual Wavelengta: The average C.V. for

the 30-second dual result was 3.7% vs. 4.8% for the
30-second single wavelength result, an improvement
of 23% across a glucose range of 25 810mg/d1

20 There was a 33% improvement in C.V. in the 25-
326mg/dl glucose range. Here the C.V. decreased
from 5.4% to 3.6%, a significant imprévement in the
most used range. The 20-second dual wavelength
measurement gave similar improvements in C.V.

25 comparéd to the single wavelength measurement in
the 25-325mg/dl range (Tables 3 and 4).

2. Duai'Wavelength, 20 vs. 30-second Reéesult: The
average C.V. for a 20-second result in the 25-100

30 mg/dl range is nearly identical to the 30-second .
reading, 4.2% vs. U4.1%. However, at 326 mg/dl the
30-second reading has a C.V. of 2.1%2 and the 20-
second result a C.V. of 4.54. As was seen in the
K/S5-20 response curve, the slope begins to decrease
35 - sharply above 250 mg/dl. This lead to poor repro-
w ducibility at glucose levels greater than 300 for
' the 20-second result. From this ceproducibility



15 - I n conclusion, two MPX systens gave opti num qugn o0 .u -
the 0-450 ng/dl range. 1. MPX 30 Dual: This dual wavel ength S§EP€$¢ SHEET
30-sécond neasurenent time with a 95% confidence 20 | i mjt j(defined as
the probability of a nmeasurenent being within 2 S.D. of the Y L)-q31,9gr'gp6
11.3[err] (C V.) for the range from50-42Q ng/dl (Table 7) an

(S.D.) -for 0-50 /dl. 25 2. WMPX 30/20 Dual: This dual wa elengtu
system gave a 20- é@nﬁ“ﬁeaﬁﬁpéﬁeﬁpftwm@|%Q13ﬁ?QP¢EKF$ﬁﬁﬂllf nge and a

30-sl_e‘00_ng tit_rre }‘%&?ﬁn&%@ 65@»«%%59330 tl;ma (%_I@oglr'rfd/@m;‘ '1 ﬂi@@eoft‘rfbtts a][e —
nearly identical to the al System (Tab] e or
50- 30 450 9d1“8é2@ 13§ hgrar dgysraingd cf%‘gf Nyl #esg%ﬁs °§4 TABLE
7. Conparison of OkferetoCernyi denay lset ttadwor IMPXxaddLeoBrtan Pl us and
Accu- Chek .bG* Reagent Strips Measuring 5 Range MPX Si ngl e
wavelengtﬁ MPX Dual Wavel ength

3. Aperture Size: A smaller optics aperture size,

3.0mm us. 5-0 min., was investigated. Initial
experimentation using a 10- replicate, hand-dipoed
disk sample did show improved C.V.s with the 3.0mm
10 aperture, apparently because of easier registration

with.the system optics. ' However, when machine-made
roll mgmbrane was used, the average C.V. (Table 5)
of the larger aperture, 4.7mm, was 3.9% us. an
average C.V. for the 3.0ma aperture of 5. 1%2. This

15 30% 1ncrease in C.V. was probably due to the uneven
surface of tne roll membrane lot as discussed
below.

Example II

20 Recovery:
For comparison of the present method (MPX)
against 2 typical prior art method using a Yellow
-Springs Instrument Model 23A glucose analyser
manufactured by Yellow Springs Instrument Co., Yellow
o 25 Springs, Ohio (YSI), blood from 36 donors was tested.
; The donors were divided equally between males and
. females and ranged in hematocrit from 35 to 55%. The
“i blood sadples vwere used within 30 hours of collection,
153 with lithium heparin as the anti-coagulant. Eacnh blood
: 30 sample was divided into aliquots and spiked with
f : glucose to give 152 samples in the range of 0-700 mg/dl
| glucose. Each sample was tested in duplicate for a
total of 304 data points.

35



ng/ dl 20 sec. 30 sec. 20 sec. 30 s¢C - :
11.2 ng/ dl 13.8 ng/dl  4.6.ng/dl 4.4 my/dl 50-250 MEMFNT SHEET
14. 2[ err] 10.6[ err] 11.0[err] 250-450 -

17.6[err] . 11.6[err] 77-405 G ucoScani P} ug 4§ DCxN998
- Cinical) 15.9[err] 77-405, Accu- Chek bG (Drexler Cinich

10. 7[err] 50-450 MPX 20/ 30 Dual Hybrid 1 1ferTi

50-450 WMPX 30 Dual 11.3 * Copfidence limts
for MPX.were fromthe YSI. The confidence |imts for 3 ucoScan Plus and

Accu- Chek bG were fromthe regressigﬁzequation vs. YSI which elimnates
bias due to snmall differences in 15 cali bration. Exanple 11

Stability: Most ofRébsohsecBusvasew$@ékcea5Ek&dceatrbemZQquQt'”12'n9
Stabl|lt was_ ¢ Lete usi ng hand- di %err Posi.dyne menbrane di sks.
§7§ mgglggiaf

The spec ?% Y YoRaer SRrhHPat FBAN ft ACPPetBusly. 1. Room
Tenper atappr&Pabatet gquatiibs {Tatyeat teapted)25 Lqese Mexchart any change

in respog @c&&et@§19e§[@EEL Eﬁéhd§98tﬂﬁﬁb “etﬁgagﬁ n?%gésd £@!

18-2Q err]C. over silica gel desiccant here was no
not i eab$bv%h§ﬁﬁét§§gﬁéﬂ§ured by the response of

Comparison of MPX Systems: For both the
20-second and 30-second measurement times there is
visually more scatter in the single-wavelength
Scattergr;ms tnan tﬁe dual-wavelength scattergrams.

10  The 20—s§cond:feading becomes very scattered above 250
mg/dl but the 30-second measurement does not have wide.
scatter untll tha glucose level is 2500 mg/dl

Tﬂese scattergrams were quantitated oy
determining the deviations from ¥YSI at various glucose

T5 ranges. The following results were obtained.

TABLE 6.

Accuracy of MPX from Recovery Data

MPX Measurament S.D. (mgs/dl) C.V. for Range*
20 Wavelength Time (sec.) 0-50 50-250 250-450 SO0-7
Single 20 +5.6 7.2 14.5 -
Single 30 +6.9 7.1 8.8 10.2
Dual 20 +2.3 5.3 . 12.8 -
Dual 30 +£2.19 5.5 5.3 8.4
&
25 Note: These are inter method C.V.s.

a. The dual wavelength system gave C.V.s that
. ranged 30% lower than the single Qa&elensth
system. '

30 ) .
b. The single wavelength system, from 0-50 mg/dl,
' showed a S.D. of x6-7 mg/dl whereas the S.D.
for a dual wavelength measurement was only

+2.2 mg/dl.

35



a rbodfféﬁbérature sanple vs. the response of a 30 sanpl

REPLACEMENT SHEET
5[err]C. Each scattergramrepresented a glucose range of 0-45 /dl . |

D
Stability at 37[err]C. A 37[err]C stability study using-the safe r&h@éﬂﬂ'$96
the RT study was carried out. 35 The differences in glucpsg val ues’ of
reagent stressed at 37[err]C vs. RT reagent, for strips stresspd wth and
wi t hout adhesive, was plotted 25 overtXine. Al t hough the deta.uas

noi sy.j due Lo the. POOFnEeRuRGEP! PLl LY 3. wd@pﬁt%egunmeﬁuabug ity was

excel l'ent for strips ether they were stressed wth or w thout adhesive. 5
3. Stability at 56] e???cﬂgff:‘llght For i@ e3P 2 MBEr ALy rengsi 89 %er e e
carried out using difggeead-paapanatisditodd Fessdtbaenter galvati on on disk

menbtane (Table 8). For . he l.o | ucqse test. level 10 . (,80- 0 ng/ dl)
the average gul cose vitité BFoﬁﬁgég %ﬁieésYhﬁ §§p§?2fépﬁfe;%trfthe
hi ghest @rop being 9. 5bfesihglAt wialve leirgth esi.$evebr(48681320 ny/dl) the
' wavelength). However, in the 250-450 mg/dl
range inter-method C.V.s more than double for

e

the 20-sescond reading to 14.5% for the single
and 12.8% for thne dual wavelength.
10
d. ‘The 30-second reading was unusable above 450
mg/dl for both the single and dual wavelength
measureaent (C.V.s of 10.2 and 8.4%).

15 In conclusion, two MPX 'systems gave optimum
' quantitation in the 0-U50 mg/dl range.

1. MPX 30 Dual: This dual wavelengthn system‘gave a

30-second measurement time with a 95% confidence

20 limit (defined as the probability of a measurement
being ‘within 2 S.D. of the ¥YSI) of 11.3% (C.V.) for’
the rangé from 50-450 mg/dl (Table 7) and 4.4
mg/dl (S.D.) for 0-50 mg7dl.

3 25 2. MPX 30/20 Dual: Tais dual wavelengtih system gave a
" 20-second measurement time in the 0-250 mg/dl range
and a 30-second time for the 250-450 range. The
95% confidence limits are nearly identical to the
MPX 30 Dual System (Table 7), 11.1% (C.V.) for SO-
30 450 mg/dil and *4.6 mg/dl (S.D.. for 0-50 mg/dl).

35



glucose readi ng declined by an average of 3.4% the |argest decline being

10.0[err]. 15 TABLE 8. Stability of pH = 4.0, .8 Posidyne Ds

Formul ation Stressed for 5 to 6 Days at 56[err]C [err]yEXfferrﬁggigéﬂ*gfpﬁﬂﬁEr
S.. RT Sanple) Sanple No. YSI (80- 100 ng/ dl) YSI (280- 3p0} ny/ dl)

FJ22B -6. 25 +5.4 FJ27A A1 31 oc1'41996
-5.14 FJ28B -2.4 _ -5.3.25 7| VFJ30H

-9.55 . -10.0 FJ31C 24 +4. 43

-1.24 FJ36 -3.2 -8.5 FJ48PB —

3.0 0.0 GHEABLE T. -3.0

*  These

EﬁDSSQﬁS{igeé’f f‘?%{f‘é@f%j% nGER ARl iy ano ave” A

study of the ng o nbrane 0 a 19-day

peri od shg g Qq jor difference for strips stressed with or w thout
adhesi ye. %é%% casesbies s ggnge%gbagcw ol uGpse pak hewwes 1shalker ']
at low test g (80- ) sec. 20 sec. 30 sec.
0-50 11.2 mg/dl 13.8 mg/dl 4.0 mg/dl 4.4 mg/dl
50-250 14,44 14.2% 10.6% 11.0%
250-450 - 17.6% - 11.6%
T7-405. - GlucoScan Plus (Drexler Clinical) 15.9%
10 T77-405 Accu-Chek bG (Drexler Clinical) 10.7%
50-450 MPX 20/30 Dual Hybrid 11.1%
50-450 » MPX 30 Dual 11.3

¥ Confidence limits for MPX were from the ¥YSI. The
confidence limits for GlucoScan Plus and Accu-Chek
bG were from the regression equation vs. YSI which
: eliminates bias due to small differences in
15 -callbratlon.

Examﬁle_iII

Stability: .
Mostzof the bench-scale work carried out in
20 optimizing stability was completed using hand-dipped
0.8u Posidyne membrane disks. The specific dye/enzyme
formulation was set forth previously.

1. Room Temperature Stabilitv: This study attempted
25 to chart any change in response of the O.8p

Posidyne membrane reagent stored at 18-ZQ°C_over
silica gel desiccant. After 2.5 months there was
no nbticeable change as measured by'the response of
a rdom temperature sample vs. the response of a

30 sample stored at 5°C. Each écattergram represented
a glucose range of 0-450 mg/dl.

2. Stability at 37°C: A 37°9C stability study using
the same reagent as the RT study was carried out.
35 The'differences in glucose values of rsagent

stressed at 37°C vs. ®T reagent, for strips
stressed with and without adhesive, was plotted



26_ Anot her 56[err] C study using hand-di pped 0.8[err] Posidyn¢ REPHACEMENT SHEET
with thrice the normal concentration of enzyne and dye was cofmpl —
separate 5 - preparations of the sane fornul ati on were nagle UE%Q 'ftﬁbb
stabi'lity nmeasured over a 14-day period. %he average results ¢f |t t
studies were plotted. _ Changes were within gLerr over. the 14-day period

at both the high QR8I 508§ ucdSETREn 151 data) €gd) NOlfHas &UfatsP sHo% t hi s

formul ati on to beppart replcaduc i3 iabi ey &R anphénsde SanpliesSi zere—+5 —
The sapple size r Wi SidOr - d NSt L d,l al + TABLE 9.
Effect . of Sanple %ﬁgglgg%%xﬁaes%%&n%& ggpsgtr:rp?gg f’h@ bR by
Wavel engt h were stregsefl ' ivePenyt inSpgeagdpppive.
Average 5 Aver age Low d ucose YSI = 56

' 3. Stability at 56°C: Eight 5- to 6-day stability

studies were carried out using diffsrent

preparations of a similar formulation on disk
‘membrane (Table 8). For the low glucose test level

10 (80-100 mg/dl) the averags gulcose value dropped
upon stressing by 3.4%, with the highest drop being
9.55%. At the high test level (280-320 mg/dl) the
glucoée reading declined by an average of 3.4%, the
largest decline being 10.0%.

15
TABLE 8.
Stability of pH = 4.0, .8 Posidyne Disk Reagent
20 Formulation Stressed for 5 to 6 Days at .56°C
¢ Difference (56°C vs. RT Sample)
Sample No. YSI (80-100 mg/dl) YSI (230-320 mg/dl)
FJ228 o -6.25 +5.4
FJ274A -4.0 -5.14
FJ288 -2.4 -5.3°
25 FJ30H -9.55 -10.0
FJ31C ' +4.43 - -1.24
FJ36 -3.2 _ -8.5
FJug8px -3.0 0.0
GMuB A%, -3.0 -2.5
Average-‘of 8 _ -3.4 =3.4
30 ¥ These two samples contained twics the normal
: " concentration of enzyme and dye.
A study of the 56°C stressing of this membrane over
35 a 19-day period showed no major difference for
- strips stressed with or without adhesive. 1In both
PR cases the 19-day decline in glucose value was <153

at low test levels (80-100) and 300 mg/dl.



3
49
51
47
49
276
367
388
358
385

41
49 49
' 50

48
55

286

50

39 31 40 31 42 30 19 REPIACEMENT ASHEET
18 41 45 44 45 44’5 34 et Bt e
50 49 48 49 49 25 10 4
54 53 56 55 54 20 29 " a9 1ad “B3,0CP 1996
57 58 60 58 High ducose YSI = 360 3 | 1301260
280 274 232 244 260 252 4 383 318 367 341
361 356 342 318 344 30 5 398 402 389370
378 387 366 351 370 10 364 362 378 368" 368 356

379 369

366 20

375 37026380 378

376

380 382 389

384 The volunes reported in the table were transferred to the
reagent pad shown in Figure 1 using a mcro pipet.

When bl ood from a

finger stick iAo&pgri BE°Eosusdt niginshendod ad i SpePl € Fanwtideaet ransferred,

theref ore the aealbeans reprrtftedafie 9o N0

needed to be %q&egéegnd d

sanple_is the m

27 fromthe fin
"mum necessaty °t°(5"p§'cﬁfp‘f

er € ahna

ySI's.

Thi s ddes not PFe@9Fa&iendugh YnHame Coraulation were made up

35

and the stability measured over a 14-day period.

Tne average results of the .two studies were

piotted.

Changes were within £10% over tas

period at. both the high and low glucose test

13-day

r ent_the tatal sanple size
(f(g(l;.rg% \,}athﬂ O-q A 3- [ err] |
t el Y o¥®RP2%afe r eagent pad circle.

10 level. These data show this formulation to be
particularly stable.
Example IV
Sample Size: ’
15 The sample size requirsments for MPX are
demonstraced in Table 9.
TABLE 9.
effect of Sample Size on MPX Mz2asuresmencs
20 '
§ample Dual Wavelength Single Waveleagtn
Size (ul) Average Averzs
— Low Glucose Y3I = 55
3 41 50 39 31 40 31 %z 30 19 30
; uz 33 59 19 18 Wi a5 2 45 ks
: 5 49 51 5Q - 50 e 48 49 - kg
25 10 48 48 50  u7 ‘48 56 s53° 56 55 54
20 49 49 9 50 49 .55 57 .58 60 58
- High Glucose'rsr = 350
3 301 260 276 286 280 274 232 2% 260 252
4 383 378 367 3 367 357 356 1342 318 Juh
0 S 398 402 382 370 388 378 6 0
3 _ 378 387 366 351 37
10 364 362 378 368 368 356 358 379 369 355
20 375 370 380 378 376 380 382 389 385 384
~ The volumes reported in the tzble wers
- transferred to the reagent pad shown in Figure 1 using
a micro pipet. When bdlood from a finger stick is

applied to a strip the total
transfarred,

S
-~

therefore the vol

2mple cannot be
ume s

reported here do not

crepresent the total sample size needed to be squeezad



Conpletely saturate the reagent pad and MPX glves low 5 resul SREPLACEMENT SHEET1
4-[err]l sanple barely saturates the reagent pad, while a 5-[e'rli—eanpie—————

is clearly adequate. A 10-[err]l sanple is a large shiny drop pnf a
20-[err]l sanple is a very large drop and is only likely to be]ubed WOGT 1996
bl ood froma pipet is used for sanpling. 10 At | ow gfucose
concentration the single wavel ength result has sone dependence} on sanple
size which is conpletely elimnated usid§7the dual wavel ength keasurement
Al t hough t hi e n h e sjhd &y ength m gh onsij ered

accept abl e, %‘ (?tEHS EFHE%% f&?ﬁé%#r%%? é gp%%%%%%blllt
Experlnentalﬂﬁﬁ&@@@n@ﬁ?gSéé§dnqﬂufqmﬂﬁﬂyaiv Qmwe"atmayseasﬁnmnqaﬂﬂ|cate

usual l'y 2, 3 ©ofr-& et erfiBalbRls R @i d9i Moudhes8ndehks chave al ways
shown close ggreenent even for sanplés with extrene hematocrits or extrene

oxygen | evel LORPILES{K, SRR US| WS HAFINL | RadppRYr ¥PX; BdVESol®¥ t hat
reproduci I5i | ides@bts.i sAvérFnlgeathgle adedlensat3PaBls the reagent

pad, while a 5-ul sample is clearly adequate. A 10-pul

sample is a large shiny drop and a 20-ul sample is a
very large drop and is only likely to be used wnen
blood from a pipet is used for sampling.

10 + At low glucose concentration the single
wavelength result has some dependence on sample size
which is completely eliminated using the dual
wavelength measurement. Althougn this dependence with
the single wavelength might be considered acceptable,

15 it is clearly undesirable. .

Example V
Reproducibility:

Experimental méasurements'described above
20 were always run in replicate, usually 2, 3 or.u
determinations per data point. These sets have always
shown close egreement even for samples with extreme
hematocrits or extreme oxygen levels. C.V.s were well
below 5%. It appears, therefore, that reproducibility
25 is very good to excellent. '

30
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28 The: subj ect invention provides for many advantages over sygt EEfﬂ
are présently available commercially or have been described i ELX&EM@NT SH

literature. The 'protocols are sinple and require 5 little tedhnical skil
and are relatively free of operator error. The assays can be rki gt QCT 1996
rapi-dly and use inexpensive and relatively harnl ess reagents, | nportant

consi derations for materials enployed inghe hone. The user "obparms~—TeESUTTS
whi ch can be understood 10 and used, in conjunction with maintenance

thergpy. In addition, fihe redgentts fmendieng @hﬁ&idkgvesr 3\@.ntjhat t he :
results obt ai e |,J for lL.ang periods o me. & |pnen
is sinple andﬂfg? %%egaﬁ %Eub A TaliV A fﬁﬁﬁt?5”°igkif avall bck
patents and otP@RepabRidAt donNayedidencaldscd eed i Lhetdhien this

speci ficatiom afgchbdireal | M@ eOfp AISJAEla SKidle© n&hggﬁuq ordlnary
skill in the art i.s invention pertains and are he

|nd|V|duaIIy }hEBiEoFéF@&lﬁfH%ﬁ&ﬁ%%uﬁ?q(?Qﬁ)fe%ﬁ%*ﬁahﬁ é%ﬁ@n@fés woul d
occur if eachopefetencervere sieri fassaldsy cunl vadéxkdvak! Buitngargiei@f ed by

and use inexpensive and relatively harmless reagents,
important considerations for materials employed in tae
nhome. Tae user obtains results which can be understood

10 and used in conjunction with maintenance therapy. 1In
addition,ythe reagents have long shelf lives, so that
the results obtained will be reliable for long periods
of time. The equipment is simple and reliable and
substantially automatic.

15 All patents aﬁd other publiéaéions
specifically identified in this specification are
indicative of the level of skill of those of ordinary
skill in the art to wahich tnis invention pertains and
are herein individually incorporated by reference to

20 the same extent as would occur if each refereﬁce_wepe

- sbeCifically and individually incorporated by
reference.
The ;nvention now being fully described, it
will be apparent to one of ordinary skill in the art
25 that many modificatioas and changes can be made thereto- -

30
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ref erence. The invention now being fully described, it will be apparent to

‘one of. or

can be nmade thereto- 30 3 29 CLAI Ms: 1. A neasuring apphrall
det er yte in a fluid, which conprises: a fohtainer,
re adapted to renovably contain a pprpud @07 1996

zzz'agee%xf\llﬂlﬂmn\ﬂ! L

illum nat
| ight aof
neans for

dinary skill in the art 25 that many nodifications l@eﬁﬁ

BT SHEET

bsorbed fluid to be anal yzed; neansj fpr

i hg @ surface of said matrix; 10 nmeans fof derecriTy
two different wavel engths refd ected fromsaid matrixi_control

collecting readings of reflected Iight and cal cul ati ng a val ue

for the anmount of analyte in said fluid based on readi ngs of analyte or

reaction
i ght and

10

15

20

25

30

35

Eéé&gg% 15 absorbance fromthe first wavel ength of reflected
"kgr ound absorbance fromthe second wavel ength of -

1. A measuring apparatus for the determination
of an analyte in a fluid, which comprises:

a container having a light-tight closure adapted -
to removably contain a porous matrix capable of containing
an absorbed fluid to be analyzed:;

* means for illuminating a surface of said matrix;
means for detecting light of two different
wavelengths reflected from séid matrix;

control means for collecting readings of reflected
light and calculating a value for the amount of analyte in
said fluid based on readings of analyte or reaction product
absorbance from the first waﬁelength of reflected light and
of background absorbance from the second wavelength of
reflected light; and

means for reporting said wvalue.

2. An apparatus according to claim 1, wherein
said apparatus further comprises a self-contained electronic
power supply operationally connected to said means for
illuminating, means for detecting, control means, and
reporting means. ' .

3. An apparatus according to claim 1 or claim 2,
wherein said means for illuminating and means for detecting
light of two different wavelengths together comprise: (1)
two light sources of different wavelengths and a single
light detector; or (2) a polychromic light source and two
detectors restricted to detecting different wavelengths of
light.

4. An apparatus according to claim 1, claim 2 or
claim 3, wherein the first wavelength of light is from 690



reflected |i g'ht; and means for reporting said value. 20 . REPLACEMENT"SHEET
apparatus according to claim1, wherein said apparatus furthej ¢gofpr+ses—

sel f - cont ai ned ectroni c power supply operationally connecteﬁ éi
means for |IIum |n s for detecting, control neans, agd re-ggr %3996
means. 25 3. ing toclaiml or claim2, yhéerein said .

cor
nmeans for |Ilun1 éﬁ?? for'detecting light of two d§fferent
wavel engt hs together cdnpwl ) two |ight sources of different

wavel engths and a single 30 |1 ght gfgtector; or (2) a polychromc |ight
source and two detectors restricted to det ecti ng different wavel engt hs of
light. 4£cAmianperaidlstiie Cosdbhd wavelangth of dlighx dis 3fromcé25nts,
mherelmdgxﬁflrst wavel ength of light is from 690 30 to 710nm and t he
second gt h of light is from625 to 645nm 5.  An apparat us
according to any one of the :

5. An apparatus according to any one of the
5 preceding claims, wherein said control means causes a timing
circuit to be initiated based on initial decrease in
reflectance of either wavelength of light, said decrease
occurring when said fluid penetrates said matrix after being
applied ‘to said matrix on a surface other than the surface
10 illuminated by said illuminating means.

6. An apparatus according to any one of the
preceding claims, wherein said control means causes one or
more readings of reflected light to be taken at

15 predetermined intervals after said initial decrease in
reflectance. ‘ ' '

7. An apparatus according to claim 6, wherein
said control means is capable of collecting and storing a
20 reading of reflectance frém said reagent pad prioxr to
application of fluid to said reagent pad.

8. An apparatus accofding to claim 7, wherein
said control means is further capable of collecting and
25 storing a background detector current reading in the absence
of light reflected from said reagent pad.

9. An apparatus according to claim 7 or claim 8,
wherein when power is supplied to said control means in an -
30 analyte detection'mode, said control means automatically
collects and compares sequential reflectance readings from
said detector, initiates a timing circuit upon detection of
a drop in reflectance, collects reaction reflectance
readings at predetermined intervals after said drop in

35 reflectance,'calculates a value for the concentration of



5 precedi ng clains, wherein said control neans causes a timng circuit to

be init1figg%gggggzgn,Lﬁ+rTél decrease in reflectance of eithg—mevelength
of Iight ecrm rring when said fluid penetrates da P(EPWEMENT SHEET

after bein matrix on a surface other than thg Jurtace 16
111 um nat ed ¢#m fating nmeans. 6. An appar atus accdrdi ng ‘,taﬁin'é%
one of the precedlng clains, wherein said control neans caused dne or
readi ngs of reflected |light to be taken at 15 pr edet er mi ned |i rH=-eswal-s
after said initial decrease in reflegqance. 7. An apparatusfaccording to
claim6, wherein said control neans is capable.of collecting and stormng—a———
fz-P dread'ali'@l(}fté efrh ae&mcslﬁiarrb&&hg afag§Rled Fran isdid mmthL\ﬁn of
uid to s ar at accardi a erein
said contF% éﬁ%b#g $@g?ﬁ QSCaBQSIEQ gu Mo d |ﬁg andE '8$ S d%lng a
backgr oungregmintcing megment reading in the absence of Iight reflected from
sai d reagent pad. 9. An apparatus according to claim7 or claimS8,
wherein when power is supplied to said control means in an_ 30 anal yte
det ecBi on node, sa|dlgontgﬁlaﬁﬁaﬁ§t&§téﬁﬁ9ﬁ9¥qql?Rﬂ?%&&% Arer cohphnes.

sequent i akyHefd B¢ tAIER f,@adrnﬂ& Buppnsead weteGidcontibdl ah&snd thNang

circuit upon deteciio
ase refiec@ance mode prior to said analyte detection mode,

said control means collects and stores a base reflectance
reading from said matrix prior to application of £luid to
10 said matrix and wherein when power is next supplied to said
control méans in the analyte detection mode, said base
reflectance reading is subtracted from said reaction
reflectance readings by said control means prior to
calculation by said control means of said wvalue.
15
11. A hethod of determining analyte concentration
in a liquid, which comprises:
quantitatively measuring base reflectance from a
first surface of a reagent element comprising an inert
20 porous matrix and a reagent system capable of interacting
with said analyte to produce a light-absorbing reaction
product, said reagent system being impregnated in the pores
of said matrix, prior to application of said dliquid to said
reagent element; N
25 guantitatively -measuring reaction reflectance from
said reagent element after application of said liquid to a
second surface of said reagent element other than the first
surface from which said reaction reflectance is measured and
after said liquid has migrated through said reagent element
30 from said second surface to said first surface;
quantitatively measuring interference reflectance
from said first surface of said reagent element after said
application of liquid usihg a wavelength of light different
from the wavelength of light used to measure said reaction
35 reflectance; and |



a~drop in reflectance, collects reaction reflectance readi ngs at

predetermned intervals after said drop in 35 reflectance, c s.a .
val ue for the concentration of 31 analyte in said fluid bei g RERBAGEMENT SHEET
fromsaid reaction reflectance readi ngs, and transfers said valjug to—sae

reporting neans. 5 10. An apparatus according to Ieiqa? &r
claim8, wherein when power is supplied to said control neans ifn{a és CT 1996
refl ectance node prior to said anal yte detection node, said contilal_neans
collects and stores a base reflectance reading fromsaid matri X prior to
application of fluid to 10 said maBRi x and wherei n when power—Ts—ext
supplied to said control nmeans in the anal yte detection node, said base
refl ectance readi ng e IHRYING & T3 I3H8 FRFRERLPIoFAE ICMISEREFBRM ngs
by sai d cgpbimokaigan®sfllddarice adaglmdmeitdy sai d control neans of said
value. 15 11. A method of determ ning anal yte concentration in a |iquid,
whi ch conprises: quantitatively nmeasuring base reflectance froma

12. A method according to claim 11, wherein said

5 matrix has surfaces formed from a polyamide.

13. A method according to claim 11 or claim 12,
wherein the average diameter of the pores in said matrix is
from G.2 to 1.0 pm and said liquid is whole blood.

10 4

14. A method according to claim 13, wherein said
reagent produces a light-absorbing reaction product upon
reacting with glucose.

R M
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first surface of a r eagent elenent conpr|5|ng an inert 20 POr{oREPIROEMENT SHEET
and a reagent system capabl e of |nteract|ng with said analyte tjo ,
[i ght - absorbi ng reaction product, said reagent system being i njrdgnated in
the pores of said matrix, prior to application of said Iiquid fo}sa#d OCT 1996
reagent el enent; 25 quantitatively neasuring reactifor
refl ectance fronlsald reagent elenment after application of saiq liquid to a
second surface of said reagent el enent other than the first surtfaee—f+om
whi ch said reaction reflectance is ned8ured and after said liquid has

m grated through said reagent elenent 30 fromsaid second surface to said
first surface; quantitatively neasuring interference reflectance fromsaid
first surface of said reagewmzmﬂemﬁnnnaAPEAanUS Epplication,of liquid
using a wavel engt h of IlgghE %ﬁﬁ% 1§§¥ th of light used to
measure said reaction 35 ec ance and alcul ati ng a val ue
expressing said concentratlon fromsaid refl ectance neasurenents. 12. A

met hod according to claim1l, wherei gg§akflcr

A method for determining the presence of an

analyte.in a fluid is described along with an apparatus

10 specifically designed to carry out the method. The method
involves taking a reflectance reading from one surface (15)
of an inert porous matrix (11) impregnated with a reagent
that will interact with the analyte to produce a light-
absorbing reaction product when the fluid being analysed is

15 applied to the matrix. Reflectance measurements are made at
two separate wavelengths in order to eliminate
interferences. A timing circuit may be triggered by an
initial deérease in reflectance by the wetting of the
‘'surface whose reflectance is being measured by the fluid

20 which passes through the inert matrix. The method and
apparatus are particularly suitable fof the measurement of
glucose levels in blood without requiring separation of red
blood cells from serum or plasma. '

4

25

[Figure 2]
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5 matri x has surfaces fornmed froma polyam de. 13. A nethodja r 0 —
claimi1l or claim 12, wherein the average dianeter of the porasﬁ A;SEMEN?CEHEET

matrix is from0.2 to 1.0 [err]mand said liquid is whole blopd] 10 14. A
met hod according to claim13, wherein said reagent produces a -3 1 0CT 1996
['i‘ght - absor bi ng reacti on product upon reacting with glucose. S
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